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The name MATHEWS 


on hydrants means the 
finest in fire protection 


THE MATHEWS 
MODERNIZED HYDRANT 


The hydrant with the replace- 
able barrel. A Mathews bro- 
ken inatraffic accident can be 
repaired in less than half an 
hour by inserting a new barrel 
without excavating. In addi- 
tion this high-quality hydrant 
is very simply constructed. It 
is the dry-head type which 
functions under all conditions, 
because water, ice and sedi- 
ment cannot reach key parts 
to clog operation. 


THE MATHEWS 
FLANGE BARREL HYDRANT 


Another dry-head hydrant in 
which the stuffing box plate 
is cast integral with the nozzle 
section. The top section of this 
hydrant incorporates all fea- 
tures of the Modernized 
Mathews. As an optional fea- 
ture furnished at slight extra 
cost, it is supplied with a 
breakable flange and stem 
coupling designed to snap 
when struck a heavy blow. 
These parts can be quickly re- 
placed without excavating. 


All available with mechanical joint and 


flange-type connections 


Also available with 
stem coupling and 
breakable flange 


All Mathews Hydrants are now 


available with O-Ring Seals 


when specified. 


MATHEWS 
HYDRANTS 


made by 


R. D. wooD COMPANY 


Public Ledger Building, Independence Square - Philadelphia 5, Pa. 


Manufacturers of "Sand-Spun” Pipe (centrifugally cast in sand molds) 


and R. D. Wood Gate Valves 
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HIDDEN 
REINFORCEMENT 


Great grandmother used hidden reinforcement to restrain her figure; 
Lock Joint prestressed pipe design uses much the same principle to restrain 
the high internal pressures in present day water transmission lines. Lock 
Joint’s hidden reinforcement consists of high tensile wire wrapped under 
high uniform tension around the core of the pipe. 


Can you guess how many miles of such wire were used in the 120,000-foot 
66” Lock Joint Prestressed Concrete Embedded Cylinder pipeline for 
Wichita’s water supply system? Find the answer in the picture above. 


Samples of all such high tensile wire used in the production of Lock Joint 
prestressed pipe not only are certified by mill tests, but also must meet 
the exacting standards demanded by rigorous tests to which they are 
subjected in Lock Joint’s own laboratory. This is only one of the many 
quality control measures employed in every phase of 
the manufacture of Lock Joint Pressure Pipe to assure 
the customer the finest product obtainable. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Sales Offices: Chicago, lil. » Columbia, S$. C. + Denver, Col. + Detroit, Mich. + Hartford, Conn. + Kansas City, Mo. 
Pressure + Water + Sewer + REINFORCED CONCRETE PIPE + Culvert + Subaqueous 
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‘with 
BUILDERS) 
90° j 
seating 
butterfly 
walves! 


In laboratory tests, a Build- 
ers Butterfly Valve was 
cycled over a quarter million times, and tested 
bubble-tight at 25 psi. Valve operation was easy 
at all times. There was no leakage at the gland 
and wear on shaft and bearing was negligible. 


90° SEATING — balanced valve requiring no operator torque 
to maintain closed position. 

Adjustable stops accurately locate valve disc in open and 
closed positions. 

Valve seats of natural rubber with stainless steel securely 
bonded into rubber. Seat cemented and secured for stress- 
free, rugged bonding to valve body. 

Adjustable two-way thrust bearings insure that valve disc 
is accurately centered. 


Valve Request Bulletin 650-L1B. Builders- 
showing | ; Providence, Inc., 365 Harris Ave- 
rubber nue, Providence 1, Rhode Island. 
seat in 
position. 


© BUILDERS-PROVIDENCE 
B--F INDUSTRIES 
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COMING MEETINGS 


Vol. 49, No.7 


AWWA SECTIONS 


Sep. 46—Wisconsin Section, at 
Hotel Schroeder, Milwaukee. Secre- 
tary, Harry Breimeister, Chief Utility 
Engr., City Engineer’s Office, City 
Hall, Milwaukee 2. 


Sep. 11-13—New York Section, at 
Saranac Inn, Upper Saranac Lake. 
Secretary, Kimball Blanchard, New 
York Branch Mgr., Rensselaer Valve 
Co., c/o Ludlow Valve Co., 11 W. 
42nd St., New York. 


Sep. 18-20—Ohio Section, at Neth- 
erland Plaza Hotel, Cincinnati. 
retary, M. E. Druley, Dist. Mgr., Day- 
ton Power & Light Co., Wilmington. 


Sec- 


Sep. 23-25—Kentucky- Tennessee 
Section, at Brown Hotel, Louisville, 
Ky. Secretary, J. Wiley Finney Jr., 
Howard K. Bell, Cons. Engrs., 553 S. 
Limestone St., Lexington, Ky. 


Sep. 24-25—Rocky Mountain Sec- 
tion, at La Fonda Hotel, Santa Fe, 


N.M. Secretary, J. W. Davis, 301 
Continental Oil Bldg., Denver 2, Colo. 


Sep. 25-27—Michigan Section, at 
Leland Hotel, Detroit. Secretary, 
T. L. Vander Velde, Chief, Sec. of 
Water Supply, State Dept. of Health, 
Lansing 4. 


Sep. 25-27—North Central Section, 
at Gardner Hotel, Fargo, N.D. Sec- 
retary, L. N. Thompson, 216 Court 
House Bldg., St. Paul 2, Minn. 


Sep. 29-Oct. 1—Missouri Section, 
at Sheraton-Jefferson Hotel, St. Louis. 
Secretary, W. A. Kramer, State Office 
Bldg., Jefferson City. 


Oct. 13-16—Southwest Section, at 
Skirvin Hotel, Oklahoma City, Okla. 
Secretary, Leslie A. Jackson, Mgr.- 
Engr., Water Works, Robinson Me- 
morial Auditorium, Little Rock, Ark. 


Oct. 16-18—Iowa Section, at Fort 
Des Moines Hotel, Des Moines. Sec- 
retary, J. J. Hail, Supt., Water Dept., 
City Hall, Dubuque. 


(Continued on page 10) 
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BELL-TITE 


Assembly is simple. First, the Second 


joint is wiped clean. 


om 


No bell holes are required. 
Installation is very rapid. 


The NEW CLOW BELL-TITE cast 
iron pipe joint is a rubber seal joint that 
requires NO bolts, NO nuts, and re- 
quires NO wrenches te lay. It takes less 
time to install. It costs less to buy. 
Here’s economy PLUS. 


step—insert gasket as 
shown into groove in bell. 


Third—apply thin film of spe- 
cial lubricant to the gasket. 


Result—a safe, economical joint 
ith a tight, permanent seal. — 


The Underwriters’ Laboratories, after 
testing the joint, have approved its use 
for water working pressures up to 350 
psi. CLOW BELL-TITE pipe barrel 
meets all quality provisions and physi- 
cal requirements of all applicable ASA, 
AWWA, and /or Federal Specifications 
for cast iron pipe. 


JAMES B. CLOW & SONS, Inc. 
201-299 N. Talman Ave., Chicago 80, Illinois 


Subsidiaries: Eddy Valve Company, Waterford, New York *lowa Volve Company, Oskaloosa, lowa 


‘ 
buy 

first centering piain end in bell. : 
SINCE 
1878 
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we need a better bucket! 


Nature is lavish with rain. But careless of where she distributes it. 

Of every 20 raindrops that fall, only one is for us. The rest run 

out of reach into streams, rivers, percolate into the ground, evaporate. 

This is one reason why a quarter of our American population 

today faces actual water shortage or water of poor quality. CY 
Since we cannot increase rainfall, let's make the most of what » 


PROOF POSITIVE CAST IRON 
we have. You can help. 


PIPE SAVES YOU TAX DOLLARS. 
1. Encourage future planning of water facilities. 
2. Support realistic water rates and water supply bond issues. 
3. Conserve water wherever you can. 
Tomorrow's water supply depends on you today. 
Divide the cost of cast iron by its life 
why 


CAST IRON PIPE EET 


RESEARCH ASSOCIATION 9440, PRUDENTIAL PLAZA, CHICAGO 1, LL. 


MODERNIZED 
4 so 
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AN UNINFORMED PUBLIC 
IS AN INDIFFERENT ONE 


Most indifference is usually the result of lack of knowledge. 


A public that does not understand your water problems 
can hardly be expected to sympathize with them. Or cooperate 


with you in solving them. 


That’s why we run national advertisements* like the one opposite. 
Each one in the series reaches millions. Each brings out another 


phase of water supply important to you. 


Individually and collectively this advertising is building 
a new awareness of the seriousness of our water problem 
and what te do about it. 


Cast Iron Pipe Research Association, Thos. F. Wolfe, 
Managing Director, Suite 3440, Prudential Plaza, Chicago 1, fil. 


* Appearing in: Nation's Business, 
Saturday Evening Post, U. S. News & World Report, Newsweek. 


a FOR MODERN WATER WORKS 
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Coming Meetings 
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Oct. 20-23—Alabama- Mississippi 
Section, at Buena Vista Hotel, Biloxi, 
Miss. Secretary, C. M. Mathews, 
Public Service Com., 119 W. Commer- 
cial St., Yazoo City, Miss. 


Oct. 23-24—West Virginia Section, 
at McClure Hotel, Wheeling. Secre- 
tary, H. W. Hetzer, Engr., West Vir- 
ginia Water Service Co., Box 1906, 
Charleston 27. 


Oct. 24-26—New Jersey Section, at 
Hotel Madison, Atlantic City. Secre- 
tary, A. F. Pleibel, Dist. Sales Man- 
ager, R. D. Wood Co., 683 Prospect 
St., Maplewood. 


Oct. 29-Nov. 1—California Section, 
at Hotel St. Claire, San Jose. Secre- 
tary, Henry J. Ongerth, Sr. San. 
Engr., Bureau of San. Eng., 2151 
Berkeley Way, Berkeley. 


Oct. 30-Nov. 1—Chesapeake Sec- 
tion, at Sheraton-Park Hotel, Wash- 
ington, D.C. Secretary, C. J. Lauter, 
6955—33rd St., N.W., Washington, 
D.C. 


Nov. 6-8—Virginia Section, at 
Hotel Roanoke, Roanoke. Secretary, 
J. P. Kavanagh, Dist. Mgr., Wallace 
& Tiernan Inc., 213 Carlton Terrace 
Bldg., Roanoke. 


(Continued from page 6) 


Nov. 10-13—Florida Section, at 
Roosevelt Hotel, Jacksonville. Secre- 
tary, J. D. Roth, P.O. Bin “O,” Miami 
Beach 39. 


Nov. 11-13—North Carolina Sec- 
tion, at Hotel Sir Walter, Raleigh. 
Secretary, W. E. Long Jr., State 
Stream Sanitation Com., Raleigh. 


OTHER ORGANIZATIONS 


Aug. 5-9—Gordon Research Conference 
on Ion Exchange, at Kimball Union 
Academy, Meriden, N.H. Write: W. 
G. Parks, Director, Dept. of Chemistry, 
Univ. of Rhode Island, Kingston, R.I. 


19-23—North Carolina Water 
at Duke 


Aug. 
Works Operators School, 
Univ., Durham, N.C. 


Aug. 26-28—Hydraulics Div., American 
Society of Civil Engineers, at Kresge 
Inst. of 


Auditorium, Massachusetts 


Technology, Cambridge, Mass. 


Oct. 6-9—Annual Conference & Products 
Exhibit, National Institute of Govern- 
mental Purchasing, at Netherland Hil- 
ton Hotel, Cincinnati, Ohio. Write: 
Albert H. Hall, Exec. Vice-Pres., 1001 
Connecticut Ave., N.W., Washington 
6, D.C. 


Oct. 7-10—Federation of Sewage & In- 
dustrial Wastes Assns., at Statler 
Hotel, Boston, Mass. 


Nov. 2-8—World Metallurgical Con- 
gress, sponsored by American Society 


for Metals, at Chicago, III. 
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— SHOCKING s SITUATION 
— Solve d ‘Ry Rugged Steel Pipe 


Water pipe lines suffer from many “shocking situations."’ Constant water 
hammer, traffic pounding, ground settling, extreme temperature 
changes, and abnormal shocks from earthquakes, floods, washouts, 
cave-ins and blastings take a terrific toll of rigid, brittle, types of 
pipe. But not flexible, ductile, high-strength steel pipe. Tough 
steel pipe is built to take it . . . engineered to resist the greatest 
shocks. Steel pipe gives you maximum protection against breaking plus 
the highest standard of serviceability. 
So, when your plans demand a water pipe line that is steeled 
against shock, stress, and strain, you're smart to specify STEEL pipe. 


“WHEREVER WATER FLOWS-STEEL PIPES IT BEST” 


STEEL PLATE FABRICATORS 
ASSOCIATION 


79 W. MONROE ST., CHICAGO 3G, ILL. 
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ANOTHER LEOPOLD INSTALLATION... 


New 24 mgd Omaha, Neb. plant 
equipped with Leopold Filter Bottoms 


In addition to this recent installation, Leopold Compound 
Duplex Filter Bottoms are giving dependable, economical 
performance in well over 300 plants (with a daily capacity 
of more than 1% billion gallons). And the number of 
Leopold-equipped facilities is growing by leaps and bounds. 


Whether you’re modernizing your present plant or plan- 
ning new construction, it will pay you to consider the many 
features offered only by Leopold Tile Filter Bottoms. They 
resist corrosion, are not subject to tuberculation, require 
only small sized gravel, are acid and alkali resistant, pro- 
vide equal and uniform filtration and backwash, and will 
last indefinitely. Want more details? Write us today. 


Leqpo/e For TOP performance, use Leopold Bottoms 
FP. B. LEOPOLD co., INC. 


ZELIENOPLE, PA. 


COMPLETE WATER PURIFICATION AND FILTER PLANT EQUIPMENT * BUTTERFLY VALVES 
FILTER OPERATING TABLES * MIXING EQUIPMENT ® DRY CHEMICAL FEEDERS 


| 

| 
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For Houston’s new 50 mgd plant... 


Freese, Nichols & Turner, Consulting 
Engineers, specified the most modern, 
master filter control system. 


This system, for the City of Hous- 
ton’s recently completed $5,000,000 
modern water purification plant that 
is now in service, must deliver top 
filter performance: maintain exact to- 
tal flow despite changes in head in 8 
filters; precisely measure flow rate, 
head loss; carefully control wash rates 
to protect beds; transmit all vital data 
to one central control point—with no 
lag, no hunting, no inaccuracies. 


To meet these rigid requirements, 
Simplex flow controllers and instru- 
mentation were selected. For depend- 
able pipe-gallery operation, Simplex 


Laminair® units pneumatically trans- 
mit data to operating tables. For com- 
plete control of all the wide spread 
operating elements, Simplex Ortho- 
flow® units electrically transmit data 
to one central point—instantly, accu- 
rately. 

Your plant may achieve automated 
operation with minimum changes in 
present instruments and controls. 
Write for information. Simplex Valve 
& Meter Company, Dept. JA-7, 7 E. 
Orange Street, Lancaster, Pa. 


SIMPLEX 


VALVE AND METER COMPANY 
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Using Water-Softening Salt 
with Greatest Efficiency 


This article has been prepared by International Salt Company as a service to 
plants using water softeners—and to plants planning to install this equipment. 
This is number 5 in a series on the storage and use of salt in the modern 


treatment plant. 


“Wet Storage”—an Economical 
Way to Store Rock Salt 


A problem frequently encountered by water- 
softening plants is how to make the best use 
of available tank space for rock-salt storage. 
There are three basic ways to store salt in 
tanks. Each one has certain advantages. 


1. Salt stored in the form of fully satu- 
rated brine offers the important advantage 
of convenience: the brine can be pumped to 
points of use in the plant, eliminating salt- 
handling expense. However, the amount of 
salt which can be stored in this way is rela- 
tively small. 


2. Salt stored in dry form makes far bet- 
ter use of available tank space: each cubic 
foot contains an average of 72 lbs. of rock 
salt—about 3.6 times the amount which can 
be stored as brine. However, moving dry 
salt to points of use is time-consuming, in- 
convenient, and expensive. 


3. “Wet Storage” combines the best fea- 
tures of “dry storage” and “brine storage.” 
Here’s why: When a tank is filled with dry 
rock salt, almost half the storage space is 
“empty,” because salt crystals don’t pack 
solidly together. But when the voids be- 
tween the crystals are occupied by fully sat- 
urated brine, additional amounts of salt can 
be stored. This is because fully saturated 
brine itself contains 2.65 lbs. of salt per 
gallon. 


With “wet storage,” any given tank can 
store more salt than is possible when dry 
salt or saturated brine are stored by them- 
selves. . . . There is a constantly available 
supply of fully saturated brine for every 


plant need. And, much less handling 
of rock salt is needed. There are fewer salt 
deliveries, fewer brine-making problems. 


Lixator best example of “Wet Storage” 
principle. Storing salt under covering brine 
is the basic operating principle of Inter- 
national’s exclusive Lixate Brine-Making 
Process. In the Lixator, rock salt and fully 
saturated brine are combined, making fullest 
use of available storage space. The Lixator 
provides pure, crystal-clear brine for imme- 
diate use for regenerating zeolite and/or 
base-exchange resins in water softeners. 


Salt—plus technical service—from Inter- 
national 


Through skilled and experienced “Salt Spe- 
cialists,’ we can help you get greater effi- 
ciency and economy from the salt or brine 
you use for regeneration. We produce both 
Sterling Evaporated and Sterling Rock Salt 
in all types and sizes. So we can recom- 
mend the type and size of salt most perfectly 
suited to your needs. 


If you'd like to get this technical assistance 
—or any other information on salt or brine 
—simply contact your nearest International 
sales offices : 

Sales Offices: Atlanta, Ga.; Chicago, Ill.; New 
Orleans, La.; Baltimore, Md.; Boston, Mass. ; 
Detroit, Mich.; St. Louis, Mo.; Newark, N.J.; 
Buffalo, N.Y.; New York, N.Y.; 
O.; Cleveland, O.; Philadelphia, 
Richmond, Va. 


INTERNATIONAL 
SALT CO., INC. 


SCRANTON 2, PA. 


Cincinnati, 


Pa.; and 
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A world-wide 
organization ready 


to serve you 


In May, 1882, Mahlon E. Layne drilled his first water well, thus 
beginning an organization that would be world-wide. He de- 
signed the Layne Vertical Turbine Pump, Layne Shutter Screen 


and Layne Gravel Wall Well which are recognized throughout 
the world. This pattern of complete service has earned Layne the 


reputation for world-wide leadership. We owe this leadership to 


the trust our valued customers have placed in our organization. 


Water Wells 
Vertical Turbine Pumps 
Water Treatment 


LAYNE & BOWLER, INC. MEMPHIS 


General Offices and Factory © Memphis 8, Tennessee 
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SAVE TIME 


USE MUELLER 


ee WHY USE A METER YOKE? 


Because a meter yoke provides a tailor-made 
setting for your meter with fewer joints and fit- 
tings—reduces installation time. New service lines 
may be completed and backfilled without the 
meter. Meters are then quickly added—or re- 
moved—at anytime without disturbing the piping. 

The yoke becomes a permanent part of the 
piping system and absorbs piping stresses to pro- 


Because a Mueller Copper Meter Yoke gives 
you greater flexibility for faster, easier installa- 
tion—even when service pipe is out of line. And 
corrosion resistant seamless copper tubing with 
sweeping curves gives full pipe capacity flow in- 
definitely with practically no maintenance. 

Properly spaced and accurately aligned swivel 
nuts aid quick meter installation or removal. All 
swivel nuts are drilled to permit sealing meter. 

Special, ribbed body design provides ample 


not enough space 
for a meter yoke? 


USE A MUELLER 


ANGLE METER STOP! 


Mueller Angle Meter Stops give you 
many of the advantages of copper meter 
yokes and may be used separately in 
extremely confined locations. Inside 

I. P. or copper connections. 


tect your meter and insure accurate measurement 
and full revenue. And yokes raise your meters 
out of the debris and moisture at the bottom of 
the meter box for easier, more dependable read- 
ings and greater accessibility. 

Yes, meter yokes give you the ideal setting 
for all your water meters—inside or outside. 


use A MUELLER COPPER METER YOKE? 


strength to absorb piping stresses and prevents 
drilling through body to by-pass meter. 

And Mueller’s special multi-purpose end con- 
nections reduce your inventory! Outside I. P., 
inside I. P., copper or any combination of these 
connections may be made by stocking only one 
type of yoke with additional tailpieces. 

Mueller’s complete line includes a copper wa- 
ter meter yoke ideally suited to fit your individual 
needs. 


... see your Mueller Representative today! 


E 8D MONEY SETTING WATER METERS ... 


q ETER YOKES! 


check these time and money saving 


Bronze Test Valve 
Flat Head or Lock Wing 


@ @ @180° Turn to Open or Close 


Seamless Copper Tubing 


Inverted, Ground Key with Check 


Ribbed Body Design 


©0080 & &Multi-purpose Ends 


DECATUR. ILL. 


Factories at: Decatur, Chattanooga, Los Angeles; 
in Canada: Muctior, Limited, Sarnia, Ontarie 


once 


i; 
: Swivel Nuts Drilled for Wire Seal 
a 
nig 
e . Optional Meter Stop 2 
P 
; 
bd 
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PUT EVERY OPERATION 
AT YOUR FINGERTIPS 


. . . With Foxboro | | 3 


SUPERVISORY 
CONTROL 


One operator can coordinate all 
our flow rates, pressures, and 
evels with Foxboro Supervisory 

Control. This modern Teletax tele- 

metering system gives you contin- 

uous, centralized control of any 
measurement made with a stand- 
ard Foxboro Measuring Element. 

Simultaneous two-way transmis- 

sion is provided over any system. 

“Report back” signals confirm all 


FOXBOR 


REG. U.S. PAT OFF. 


Any Transmission System 
© Two wires 
© One wire and ground 
® Radio or microwave 
® Carrier current 


operations. Each Teletax installa- 
tion is engineered to individual 
plant requirements ... any com- 
bination of manual or automatic 
indication and control. Field- 
tested, Foxboro quality through- 
out, Teletax assures highest effi- 
ciency, economy,and safety. Write 
for complete details. The Foxboro 
Company 167 Norfolk St.,Foxboro, 
Mass., U. S. A. 


TELETAX 
TELEMETERING 
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Proved Protection against 
Corrosion with EVERDUR 


Guard These Vital 


Everdur is Readily Fabricated. Ever- 
dur alloys are available for hot or 
cold working, welding, free-machin- 
ing, forging and casting—and can be 
supplied in plates, sheets, rods, bars, 
wire, tubes, electrical conduit, and 
casting ingots. 
MANHOLE STEPS . 


Everdur* Resists Corrosion. Installa- 

tions of Everdur sewage treatment 

and waterworks equipment in the 

United States have been in service 

without replacement for 20 years NUL 

and longer — evidence of Everdur’s 

ability to resist corrosion common to Tar 

these operations, U.S. Pat. om. CONDUIT 


Write for Publication E-11, “Everdur 
Copper-Silicon Alloys for Sewage and 
Waterworks Equipment”—or for assist- 
ance of the Technical Department in 
selecting the correct material for your 
equipment. Address: The American 
Brass Company, Waterbury 20, Conn. 
In Canada: Anaconda American Brass 


: SCREENS : Ltd., New Toronto, Ont. 56130 


Everdur is Tough. Everdur, Anacon- fe 
da’s group of copper-silicon alloys, 

also possesses high physical strength 

and resistance to wear and abrasion 

—so that wrought equipment can be 


designed with lighter weight. 


GATES 


ANACONDA’ 


COPPER-SILICON ALLOYS 


STRONG + WELDABLE 
WORKABLE 
CORROSION-RESISTANT 


| 
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Rate Yoursely as a 


© Do you believe in setting water meters so that they 
are most available for quick and easy reading? 


O so you provide installations which put meters in the 
proper position and protect them from dirt and damage? 


© Are your meters connected into the line so that chang- 
ing can be quick and trouble-free? 


C) Do you test meters periodically and maintain them 
for maximum accuracy? 


If you have checked all four you probably use Ford equipment. 
Don't be discouraged if your grade is off a little; the easy first 
step toward improving it is to send for a FORD CATALOG. 
IT'S FREE. 


These Ford Products Make it Easy 
for you to be a METERologist 


COPPERSETTER 


A complete meter 
mounting that brings 
the meter up for 
easy reading and 
changing. Holds 
service line perma- 
nently connected. 


YOKE BOX 


For shallow services 
the Yokebox pro- 
vides protection to 
keep meter clea 
easy to read a 
easy to change. 


COPPERHORN 


Ideal setting for 
most basements with 
vertical service lines. 

en saves more 
than its cost in pipe 
fittings. 


DOUBLE LID . 
SETTING 


Provides maximum 

frost protection in 
cold climates. The 

| Yoke holds risers 
permanently braced 
and connected for 
=< meter changing. 


FOR BETTER WATER SERVICES 


THE FORD METER BOX COMPANY, INC, Wabash, Indiana 
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The Southern Ridge Water Company installed this 125,000-gallon 
Watersphere, for the City of Tulsa, Oklahoma. The Watersphere, 120 
feet to the top capacity line is used to provide dependable gravity water 
pressure in the Tulsa distribution system. 

Horton Ellipsoidal Bottom Elevated Tanks, Standpipes, Reservoirs and 
Radial Cone Tanks are also available to meet your water storage re- 
quirement. 

Write our nearest office for an estimate or information. 


CHICAGO BRIDGE & IRON COMPANY 


Plants in Birmingham, Chicago, Salt Lake City and Greenville, Pa. 
ATLANTA CLEVELAND NEW YORK SAN FRANCISCO 
BIRMINGHAM DETROIT PHILADELPHIA SEATTLE 
BOSTON HOUSTON PITTSBURGH SOUTH PASADENA 
CHICAGO NEW ORLEANS SALT LAKE CITY TULSA 
In Canada—HORTON STEEL WORKS, LIMITED, FORT ERIE, ONT. 


: ; 
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CONNECT BRANCH] 
under pressure... 


Mechanical Joint Tapping Sleeves and Valves 
One Sleeve— One Gasket 
Fits All Classes 
of Cast Iron Pipe 


No matter whether the pipe in your 

system is sand cast or centrifugally 

cast, the Iowa mechanical joint tapping 
sleeve . . . with one gasket... wilt fit 

your pipe. The end gasket is EE ate 

with a strong helical spring molded into 

the gasket rubber. Always a tight, permanent seal on 

all classes of cast iron pipe. Saves time . . . bother 
. confusion. Easier, simpler, more economical. 

Write today for complete information. 


Sleeves and Valves, 3 inches through 12 inches. 


IOWA VALVE COMPANY 


Oskaloosa, lowa A Subsidiary of James B. Clow & Sons, Ine. 


Vol. 49, No.7 
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General Filter? 


There are many reasons why municipalities 
and industries have installed General Filter 
water freating plants: 


SION ... General Filter “job- 
efigineers” each installation to the consulting engineer's 
specification . . . supervises the installation and trains the 
personnel who will work with the equipment. 


[OPERATIONAL DEPENDABILITY . . . for twenty years 
Genera! Filter has conceftrated all of its efforts toward 
“befter woter trea ", Their efforts have produced 
water treating plantsgond equipment that are completely 
dependable. 


ENGINEERING KNOW-HOW ...GefMg. GREATER ECONOMY... the only real test of economy is 
eral Filter’s design and construction engi- elongeserr test. General Filter plants stand up over the 
neers are familiar with the problems in- years providing “better water” with minimum maintenance, 
volved in water treatment. longer trouble-free, smoother operation. 


Find should 

General Fite Write today for General Fi ilter Company 
detailed information regarding your AMES, IOWA 

water treatment problems. 
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| pELINES FOR 
CIVILIZATION 


4 NEW DOCUMENTARY FILM 
ON WATER SUPPLYy SYSTEMS 


This film, specially produced for the 
American Concrete Pressure Pipe As- Water supply systems were con- 
water supply systems down through sian engineers. 
the ages. 

Professional actors and authentic 
sets appear in all the historical scenes. 

16 mm color prints of the film are 
available on loan for group showing. 
Two versions are available, one with 
a running time of approximately a 
half hour, the other, 20 minutes. 

For information, write the American 
Concrete Pressure Pipe Association, With the Dark Ages, edvence- 

ments in water transportation 


228 North LaSalle Street, Chicago 1, were lost and water was sup- 
Illinois. plied from communal wells. 


AMERICAN 
CONCRETE 
PRESSURE PIPE 
ASSOCIATION 


228 North LaSalle St. 
Chicago 1, Illinois 


Modern concrete pressure pipe 

carries water over long dis- 

tances for homes, factories and 
farms. 


WATER FOR GENERATIONS TO COME 
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USE NORTHERN GRAVEL 


for 


RAPID SAND FILTER 


FILTER SAND SPECIFICATIONS 6 are 


carefully laid out. The Effective Sizes and Uniformity Coefficients 
used by Consulting Engineers and also recommended by the Ameri- 
can Water Works Association are the result of long years of research 
and experience. 


The Northern Gravel Company is equipped to give you prompt 
shipment whether it be one bag or many carloads, exact to specifi- 
cation. Filter sand can be furnished with any effective size be- 
tween .35 MM and 1.20 MM. 


CH EMICAL QUALITY of the filter sand is also im- 


portant. It must be hard, not smooth and free of soluble particles. 
This requires perfect washing, and grading facilities. We have every 
modern device for washing, drying, screening and testing. 


Fl LTER GRAVEL supporting the Filter Sand Bed must 


be, in turn, properly graded to sizes calculated to support the Filter 
Sand, and be relatively hard, round and resistant to solution. 


The new Northeast Station in the City of Detroit, recently com- 
pleted, is one of the major projects included in the water depart- 
ment’s expansion program. The Northern Gravel Company fur- 
nished 120 carloads of filtering materials for the 48 rapid sand 
filters incorporated in this plant. 


Northern Gravel has no equal in facilities and our reserves of both 
sand and gravel are inexhaustible. Northern Gravel Company has 
been in business over 40 years. We guarantee uniformity of products 
and our records enable us to duplicate your requirements on short 
notice. Our location is central and we have commodity rates in 
every direction. 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 


P.O. Box 307 Phone: Amherst 3-2711 
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Serving American Water Works 
Yesterday and T oday 


GREENBERGS SONS 


San Francisco's 104-year-old brass foundry, M. Greenberg's 
Sons, is justly proud of their past and present contributions 
to the field of American Water Works. Today M. Green- 
berg's Sons is the largest manufacturer of bronze products 
in the Wes?, including industrial bronze valves and fittings, 
fire hydrants, hose valves and fire protection materials to 
underwriter standards, plumbing hardware, and many 
many more. 


Underwriters and 
Factory Mutual Approved 


FIRE HYDRANTS 


No. 74. California Type Wet Barre! Double Hy- 
drant for non-freezing weather. INDEPENDENT 
valves for each outlet; integral curved deflec- 
tor head; full 6144" waterway through hydrant 
body Greenberg ‘‘Cascade'’ Dry Barrel hy- 
drants are also available for freezing climates. 


Underwriters and 
Factory Mutual Approved 


HOSE GATE VALVES 


300 Ib bronze 

Cross Section 1064 GR-UN-FM suitable 

for a variety of installations requiring 

heavy duty hose gate outlets. These 

valves are standard equipment for Fed- 

eral, State and Municipal, as well as 

industrial installations calling for 

300 Ib. Underwriters’ Approved valves. 


STABILITY sence 1854 


Have you your copy? 


M. GREENBERGS SONS 
€ EENBERG 765 Folsom Street 


tect, purchasing agent, San Francisco 7, California 


Pipe, Valve, Fitting and 
Plumbing Jobber. Write 


PLEASE MAIL THIS COUPON TODAY 
M. GREENBERG’S SONS * 765 FOLSOM ST. + SAN FRANCISCO 7, CALIFORNIA 


Gentlemen: Please send me a copy of your new catalog. 


Offices in Principal Cities throughout United States 


Firm Neme 


Address 


City 
By 
IF additional copies are desired, please list name end title of person te receive catalog. 
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reduces water hammer 


Allis-Chalmers has added a new opera- 
tor to its line of butterfly valves to 
reduce water hammer and its harmful 
high pressure effects. 

Especially designed for water works 
systems, this operator provides rapid 
initial closing of the valve with slow 
final closure. 

Controlled operation combined with 
careful construction insures the depend- 
ability of A-C butterfly valves. 


For details contact your nearby Allis- 
Chalmers office or write Allis-Chalmers, 
Power Equipment Division, Milwaukee 
1, Wisconsin. 


A-5469 


ALLIS-CHALMERS 
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ANNOUNCING 


ORANGEBURG 


Pipe 


Produced from a superior new-type resin! 
Completely slit-proof! Has greater strength! 
Engineered to give /asting service! 


Made only by Orangeburg 


MPARE 
ADVANTAGES 
ids, 
salts 
Unaffected BY 
\ or soap solutions 
4 flexible, 
handled 
nstalled 


i 
Lom, lasting 


service 


w Greater streng 


igher hea 
Higistance 


APPROVED FOR DRINKING 
f B) WATER SERVICE BY NATIONAL 
SANITATION FOUNDATION 


IDEALLY SUITED FOR jet well, water 
service lines, underground sprinkler 
systems, irrigation, running water sys- 
tems for farm buildings and livestock 
watering —and many other installa- 
tions. 


Backed by 


Orangeburg SP is a new, stronger, 
flexible plastic pipe that gives supe- 
rior performance. Takes higher pres- 
sures, higher temperatures. 


Orangeburg SP is the only flexible 
plastic pipe made from a superior 
new-type polyethylene resin which 
took ten years of research to perfect. 
It is the extremely high molecular 
weight of this resin which gives 
Orangeburg SP exceptional strength 
and service life. 


PROVED SUPERIORITY —Exhaustive 
tests prove Orangeburg SP Plastic 
Pipe is completely slit-proof—free 
from “pin-holing”! Exceeds every test 
known for polyethylene pipe! 


SPECIFY ORANGEBURG SP—made 
in %” to 2” sizes, weighs only % as 
much as steel, installs faster and at 
less cost. Opens many new cost-saving 
applications. Send coupon now for 
full facts. 


RG -a 64-year reputation for quality. 


ORANGEBURG MANUFACTURING CO., INC., Orangeburg, N.Y. * Newark, Calif. 


ORANGEBURG MANUFACTURING CO., INC., ORANGEBURG, N. Y., DEPT. JA-77 
Please send descriptive literature on new Orangeburg SP Plastic Pipe. 


NAME 


ADDRESS. 


CITY 
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CASE #1687 


PATIENT: 


SYMPTOMS: 
DIAGNOSIS: 
TREATMENT: 


RESULTS: 


5 miles of 62” and 36” steel water mains in 
St. Louis, Missouri. 


Leakage repair costs on the increase from 1936 to 1947, 
External corrosion causing pitting through the pipe wall. 


In 1947, after consultation with Centriline, pipelines 
were cleaned and cement-lined in place with a smooth, 
dense mortar lining by the Centriline Process. 


The dense cement lining stopped leakage, eliminating 
high maintenance costs. Savings represented 13% 
return on the cost of cleaning and lining.* 


This lining has paid for itself in only 8 years. Not only was the leakage stopped 
but the carrying capacity was increased. If your problem is leakage in steel pipe 
... Or capacity reducing tuberculation in steel or cast iron water mains, consider 
the advantages of cement lining in place. 


*From a paper written by Mr. John B. Dean, Division Engineer, Water Div., St. Louis, Mo. 


CENTRILINE CORPORATION 


A subsidiary of the Raymond Concrete Pile Company 
140 Cedar Street, New York 6, N. Y. a7 Branch Offices in Principal Cities 


of the United States, 


WOrth 2-1429 Canada and Latin America 
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1879—-ROSS-1879 
Automatic Values 


Controls Maintains 
elevation of safe operating 
pressures 
for 
conduits, 
distribution 
ALTITUDE VALVE reservoirs 
and pump 
1. Single Acting discharge 
2. Double Acting SURGE-RELIEF VALVE 


Maintains 
desired 
discharge A self contained 

pressure unit with 
regardless three or more 
of change automatic 


in controls 


rate of flow 
REDUCING VALVE 


Regulates pressure in gravity 
and pump systems; between reser- Combination automatic control 


voirs and zones of different pres- | oth directions through the valve. 
sures, etc. 


COMBINATION VALVE 


Maintains 
levels in tank, | Electric remote 
reservoir control— 
or basin solenoid or 

1. As direct motor 
acting b 

2. Pilot oper- 

ated and with furnished 

float traveling 

between two REMOTE CONTROL VALVE 


stops, for upper | Adapted for use as primary or 

and lower limit | secondary control on any of the 

of water eleva- | hydraulically controlled or operated 
FLOAT VALVE tion. valves. 


Packing Replacements for all Ross Valves Through Top of Valve 
ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N.Y. 
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‘Red Water’ doesn’t live here any more. 


No more ‘Red Water'—thanks to Threshold Treat- 
ment with Calgon*—that's the record in this typi- 
cal community. 

When Calgon treatment was started, ‘Red 
Water’ stopped, and now everyone is compliment- 
ing the water superintendent. 

Calgon in very small amounts is effective against 
‘Red Water’ because it not only stabilizes iron and 
manganese dissolved in water at its source, but it 
also prevents iron pickup from pipes. 

Calgon stops lime scale, too, by forcing calcium 
carbonate and other scale-forming chemicals to stay 


CALG 


in solution, even when the water is heated. Calgon 
is used in minute amounts, and the reduction of 
lime scale means important savings in keeping 
equipment and meters clean. 

Call on Calgon for the economical solution to 
your specific problem. Many years of experience 
with water problems of all kinds in every part of 
the country are at your service. 


*Calgon is the Registered Trade Mark of Calgon, Inc. 
for its glassy phosphate (sodium hexametaphosphate ) 
products. 


HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 


A DIVISION OF HAGAN CHEMICALS & CONTROLS, INC. 
DIVISIONS: CALGON COMPANY «HALL LABORATORIES 


i 
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NOW...Dosage Automation 


with the 
()uatity- 


uantity | ,hlorinator 


Select the residual you want and the new W&T Quality-Quantity Chlorin- 
ator will automatically maintain that residual. Immediate sensing of any change 
in a water’s chlorine demand—as well as flow—automatically controls chlor- 
ine feed rate to maintain a desired residual. That is Dosage Automation with 
the new W&T Quality-Quantity V-notch Chlorinator. 


DOSAGE AUTOMATION OFFERS THESE FEATURES: 


Maintains 

a selected residual, free or 
total, with automatic dos- 
age control. 


Anticipates 
changes in chlorine 
demand. 


Controls 


Chlorine feed up to a full 
100 to 1 range at rates to 
2000 pounds of chlorine 
per 24 hours. 


Provides 


a record of chlorine dos- 
ages in p.p.m. and chlorine 
feed rates in pounds per 
24 hours. 


Utilizes 
the proven W&T V-notch 


Variable-Orifice for accu- 
rate, wide range chlorine. For more information about this new type of 


feed. chlorination system write for Bulletin S-118. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9,NEW JERSEY 


= 
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Basic Principles of a National Water 
Resources Policy 


Committee Report 


A report of AWWA Committee 1130—National Water Policy, sub- 
mitted on May 15, 1957, at the annual conference at Atlantic City, N.J., 
by Abel Wolman, Chairman, Cons. Engr., Baltimore, Md. Other 
members of the committee were: A. P. Black,.E. S. Chase, L. H. 
Enslow, C. H. Bechert, G. E. Ferguson, S. B. Morris, N. T. Veatch, 


and W.V. Weir. 


Preamble—Abel Wolman 


FEEL that I must almost apologize 

for talking about national water 
policy, because, actually, there is no 
such thing. Thus, before presenting 
the formal report of the AWWA Com- 
mittee on National Water Policy, I 
want to make a few remarks, more or 
less historical and perhaps philosophi- 
cal, with respect to the subject of the 
report. In making these remarks, I 
am not speaking for the committee, but 
strictly personally. 

It is approximately a quarter of a 
century since the first formal state- 
ment of a proposed national water pol- 
icy was made in the mid-1930’s by the 
Water Resources Committee for the 
then National Resources Committee of 


this country (1). That statement of 
national policy was predicated upon an 
assumption which we should now look 
at hard and critically. The assumption 
was that we needed on the national 
level and, of course, on the state and 
local level a water policy which was 
uniform and equitable. Those who 
have pursued this subject and read its 
vast literature will note that through- 
out all subsequent discussions, through- 
out all subsequent official and voluntary 
association reports, this assumption— 
that we need a more uniform and 
equitable water policy—has stood its 
ground for almost a quarter of a 
century. 
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Past Policy Statements 


In this first document, it was stated 
in round terms—and in what could 
almost be called beautiful literary style 
—what this uniform and equitable 
water policy ought to be and what 
should be embodied in it. These basic 
points were spelled out in the first 
document of the National Resources 
Committee of which I had the pleasure 
of being a chairman for a period of 
about 8 years. The literary quality 
was provided by one member of the 
Committee at that time, Professor Har- 
lan H. Barrows, then head of the geog- 
raphy department at the University of 
Chicago. I still think it is an explicit 
and clear statement of what such a 
policy ought to be—if you accept the 
basic assumption. 

The Water Resources Committee 
statement was followed by a series of 
official reports, the first of which was 
the President’s Water Resources Pol- 


icy Commission report of 1950 and 
1951 (2). This has great significance, 
not only because of the bulk—its three 


volumes included more than 2,000 
pages—but because it represents one 
of the finest bibliographical contribu- 
tions to water policy discussion in this 
country. It should be on the desk of 
every individual who has even the 
remotest professional interest in this 
subject. 

This commission was both preceded 
and followed by the first Hoover Com- 
mission, formed in 1949 with a broader 
assignment than the water resources 
group. The Hoover Commission’s as- 
signment was to cover the reorganiza- 
tion of the national government as a 
whole, but no small part of its effort 
and its contribution dealt with the water 
resources problem (3). 

In 1951 the Materials Policy Com- 
mission was created by the President 
of the United States and struggled for 
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well over a year, on a very broad basis, 
to deal with our problem of total re- 
sources. Again a significant portion of 
its report (4) dealt with water re- 
sources policy. 

The second Hoover Commission fol- 
lowed in 1955 and it worked for almost 
a year and a half with a fine and ex- 
tensive technical staff, again producing 
a whole shelf of volumes, anyone of 
which would be worth rereading if any- 
one were inclined to familiarize himself 
with the history of water resources (5). 

Sixth in the series of documents fol- 
lowed in 1956, and was presented by 
the President of the United States to 
the Congress as a report of the Presi- 
dential Advisory Committee on Water 
Resources Policy (6). It was filed 
with President Eisenhower in Decem- 
ber 1955 and submitted to Congress in 
1956. It had the great advantage of 
being concise—instead of a shelf, in- 
stead of a thousand pages or more, it 
was a mere 35 pages, highly readable, 
very much crystallized, and generally 
following the same pattern of enunciat- 
ing water policy that was employed in 
the preceding five reports. 

In addition to all of these, many, 
many national water policy documents 
have been prepared by voluntary 
groups—professional engineering asso- 
ciations, semiprofessional organizations, 
and pressure groups. The libraries are 
filled with such statements, which carry 
essentially uniform policies throughout 
the total period of about 25 years. 

The Engineers Joint Council report 
of 1951 (7) has a special significance, 
because it was the result of almost a 
year’s deliberation by well over 80 
professional engineers. It had the fur- 
ther distinction of representing a great 
deal of engineering work without re- 
imbursal. It is one of the outstanding 
examples of engineering contribution 
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to this country—the contribution of a 
great amount of devotion, time, and 
effort. The 1951 report has since been 
reviewed and revised, a new document 
(8) having been approved in April of 
this year. 

The AWWA itself has had a water 
policy committee for many years, as has 
the American Public Power Associ- 
ation. The United States Chamber of 
Commerce through its Natural Re- 
sources Committee has made a whole 
series of reports. The National Water 
Conservation Association has taken a 
stab at this problem, and so has the 
National Reclamation Association. The 
Rivers and Harbors Congress has met 
regularly over the years and has delib- 
erated on these policies and issued 
statements following, in general, the 
same basic principles as others, deviat- 
ing therefrom only in the directions 
that seem helpful to some of the pres- 
sure groups involved. 

It is well to be aware of all these 
policy statements, because, with all the 
work, with all the deliberation, and 
with all the participation by myriads 
of professional and lay groups for al- 
most 25 years, the sum total of the 
accomplishment in the translation of 
these policies into congressional policy 
and action, if not exactly zero, is almost 
zero. 

I give this as a preface to the added 
contribution today of AWWA’s own 
water policy committee. This new pol- 
icy may at least be considered to have 
distinction in that it is only three pages 
long. Perhaps this reflects the fact 
that we may all be getting relatively 
tired of reproducing these principles 
at length. More significantly, however, 
I preface the presentation of the docu- 
ment by questions which are directed 
to AWWA’s own committee and to all 
interested in the subject. Why have 
all of these carefully phrased statements 
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of national policy never been translated 
into reality? 

I am not sure that I have the an- 
swers. I would pose questions—per- 
haps three or four of them—largely for 
the reflection of those of us who con- 
tinue to operate in this field. 


Was a Policy Needed? 


The first question that must arise, 
of course, as one looks over this great 
library of exposition is whether a policy 
was really needed. That seems a dis- 
heartening question to ask after a quar- 
ter of a century, after the devotion, 
after the recording of the hearings, 
after the tremendous unpublished rec- 
ord on file in Washington. Was a 
policy needed? 

It would appear that if it was needed 
it was not wanted. It was not wanted 
by the only people in the country who 
could create such a policy—namely, the 
Congress of the United States. Up to 
today, it would be my comment, read- 
ing between the lines and having at- 
tended congressional hearings, that 
Congress does not want a carefully 
framed water policy. 

A secondary question, of course, 
stems from that: Why does it not want 
a policy? I would guess that it does 
not want a policy because it would 
consider it as an interference with its 
liberty of action. You might say that 
I have phrased it, if not happily, at least 
too philosophically. What I mean by 
it, of course, is that they do not want 
a policy that might interfere with sec- 
tional choices, with pressures, with 
political favor, with advantages for one 
area against another. In other words, 
there appears to be a latent hostility to 
a uniform policy and there is more than 
a latent hostility to an equitable fiscal 
scheme. Anyone who has reviewed 
such policy as we have exemplified in 
national practice will find we have 
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every conceivable system of financing 
that anybody could conjure up. 

The most recent, of course, are 
strange, unless you bear in mind that 
this strangeness stems from the fact 
that we are always in search of a fiscal 
policy which will not require the bene- 
ficiary to pay for what he gets, but will 
give a semblance of doing so. The 
vagaries of that semblance over the last 
100 years are extremely entertaining 
if one takes time off to look them over. 
We, of course, now have reached the 
stage where the beneficiary pays for 
something at some remote century de- 
ferred in some remote and complex 
formula which, I feel quite sure, ends 
in his paying not an original 100 per 
cent, not an original 50 per cent, but, 
in some major enterprises, closer to 5 
or 10 per cent of his appropriate cost. 

Now, I hasten to add as an observer, 
that that may or may not be an objec- 
tionable national policy. I make the 
point that, in all these matters, we must 
remember that we live in a democracy 
in which decisions must be democrati- 
cally made. They may seem at times 
to be either unintelligent or abstruse or 
pressure stricken, but they are still 
made by the only body that can make 
them—the Congress of the United 
States. So much for my first ques- 
tion—was a policy needed? 

The record would seem to show that 
if it was needed, it was not needed 
badly enough by the appropriate demo- 
cratic representation—by Congress, that 
is. I think the answer is inevitable. 
If it had been needly badly, I am sure 
the need would have been converted 
into a statement of policy. 


Was It Too Early for a Policy? 


The second question is: Was it too 


early? Maybe those who follow us, 
and I mean chronologically as well as 
professionally, will find that these enun- 
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ciations of policy are just due to the 
temper of the time and that they will 
have to come into action in greater 
degree than in the past. Perhaps that 
may happen because of the acuteness 
of pressure for a policy, the competi- 
tion for water, or the better under- 
standing of the increasing necessity for 
a policy. 

In a country such as ours, where 
even water resources may come under 
greater pressure in the next quarter of 
a century, the situation may drive us 
toward a policy which we have not yet 
been able to convert into congressional 
behavior. It may actually be that in 
most countries, including our own, one 
will not frame a policy or convert it 
into action unless there appears to be 
not only a reason for doing so, but a 
dramatic reason for doing so. In other 
words, we must begin to see the penalty 
of not doing so before we are willing 
to accept a policy. 


Were Our Policies Unrealistic? 


The third question is—and this, I 
would, perhaps, give only in a whisper 
because it is a reflection on our own 
professional activity: Were all of our 
documents truly unrealistic? I think 
in some instances they were. I would 
say, for example, that part of the most 
recent Hoover recommendations—say, 
on public power—to my mind were 
unrealistic. The suggestion, for ex- 
ample, that we undo everything that 
has been done in the United States over 
the last third of a century seems to me 
to be unrealistic. You may have, and 
I may have, many philosophical reasons 
for feeling it should be done if we 
lived in a vacuum, but I doubt very 
much if you could practically consider 
so turning the clock back and obtain- 
ing the acceptance of Congress and its 
constituents. 

We may have been too unrealistic in 
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many of our professional recommenda- 
tions. The hardheaded, hardbitten 
congressional representative who goes 
back not only to mend fences, but also 
to create them, may have looked at 
these documents sometimes with a 
jaundiced eye. He may have written 
them off as being the kind of theoreti- 
cal hopes of a group that did not quite 
know its way around. I could lift out 
other examples of such principles that, 
in retrospect, would seem to me to 
have some degree of lack of reality. 

Whether or not we would ever re- 
capture principles which we still con- 
sider to be sound within that frame- 
work, I am not the one to prophesy; 
I have some serious doubts as to 
whether we will ever recapture some 
of them—for instance, that the naviga- 
tion work of our federal government 
should be put on a pay-as-you-go basis. 
I myself have very, very limited hopes 
that that will ever happen. I could 
spell out why I think those hopes are 
so limited. It does not mean that I 
would not continue to add my signature 
to the recommendation. 


How Much Organization? 


The last question is the fundamental 
issue in all national policy. Bertrand 
Russell, many years ago, in the title of 
one of his books, reflected on this when 
he captioned it: “Freedom Versus Or- 
ganization,” his point being the ques- 
tion of whether a society can be oper- 
ated in which those two requirements 
are continuously embattled with each 
other. How much organization, which 
is enunciated in our ordinary policy 
principles, will a democratic country 
accept? How much does it want to in- 
sist that it improvise as it goes along? 
How many ad hoc decisions does Con- 
gress feel it must insist on reserving 
to itself? 
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I do not smile at that conflict, be- 
cause, in some respects, it may lie at 
the root of our democratic approach 
even to water resources development, 
and there is, of course, again this little 
whisper underlying the battle between 
freedom and organization in which we 
stand for an organized approach to this 
development. It must be whispered 
that there are enough evidences in the 
past that the professional has been 
wrong, that the professional on occa- 
sions has not been as deserving or in- 
tuitive perhaps as the best politician 
or statesmen, and that, too, must be 
remembered. 

I recall an incident with respect to 
Grand Coulee before construction was 
started, during efforts to determine 
whether or not the National Resources 
Planning Board would ratify a recom- 
mendation that the Grand Coulee Dam 
be built. On the train, going up with 
Frederic A. Delano—board chairman, 


and a very wise professional engineer 
and statesman—we discussed the ques- 
tion of whether the dam might be de- 


ferred for 20 years or more. In other 
words, the return did not yet seem to 
warrant the investment. Mr. Delano 
made the interesting observation at that 
time that sometimes you construct a 
project in order to generate a return 
when the return is not visible. 

He called my attention to the fact 
that we would have turned down Alex- 
ander Hamilton’s proposals, as they 
were turned down by many profession- 
als, when he suggested that the New 
Jersey area be developed for power. 
He was scoffed at because the area was 
strictly agricultural in nature at that 
time. Everyone wanted to know where 
the power user was. And, of course, 
the user was nonexistent. Alexander 
Hamilton stuck to his guns, as the 
people in New England did—the Fred- 
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erick Stearns and others—who said 
that if we developed power in New 
England we would generate the cus- 
tomers, which, of course, happened. 
This is the history of the two most 
heavily industrialized areas in the 
United States and, as Mr. Delano re- 
flected, one can go wrong in waiting 
until the customer is there. 

You will remember the city engineer 
of Los Angeles who had the same 
breadth of vision when his community 
had less than 100,000 people. It was 
he who made the trenchant remark that 
if you wait to bring the water here 
until you need it, you won’t need it. 


AWWA's New Policy Statement 


It will be well to keep these four 
questions in mind in reviewing the fol- 
lowing statement on national water 
policy which stems from the AWWA 
policy committee. It is an attempt in 
three pages to bring to your attention 
once more, and to the attention of Con- 
gress and all thoughtful citizens, that 
there is room for the adoption of a 
sound water resources policy—moving 
toward equitable distribution of costs; 
a far greater uniformity of approach on 
the federal level; a strengthening of 
state and local participation; an at- 
tempt to stem the tide of having all 
money come from Washington; and 
an attempt to spell out the desirability 
of preserving both local interests and 
local financing, if for no other reason 
than to bring the expenditure of money 
closer to the local pocket. The local 
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taxpayer is generally a little bit more 
thoughtful and, I would say, generally 
a little bit more guarded, about the ex- 
penditure of his tax money locally than 
he is about his federal taxes. It is the 
remoteness that disguises federal tax 
moneys and identifies them with a kind 
of Santa Claus in Washington. 

In pointing this out, however, I want 
also to note that in its statement of 
policy the committee again reinforces 
its emphasis for supporting those fed- 
eral agencies, such as the United States 
Geological Survey, in the extension and 
the intensification of their collection of 
basic data and their orderly interpreta- 
tion of such material. In a vast coun- 
try such as ours, the future will de- 
mand more rather than less of that kind 
of federal participation—what we call 
the groundwork of most of our stud- 
ies—than it has ever done in the past. 
We need the cooperation of all local, 
state, county, and federal people in this 
type of federal activity which we feel 
must have national perspective and em- 
phasis. Of course, such activity will 
require a far greater degree of financial 
support than it has ever had in the 
past. That kind of federal activity lies 
at the root of anything with which engi- 
neers deal, and must be, as I say, ex- 
tended geographically and profession- 
ally, and interpreted to our major 
benefit. 

This preamble has been lengthy, but 
insofar as the preamble is a review of 
our failure to move into reality, it is, 
perhaps, almost as important as the 
policy statement itself. 
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So much has been written in the past 
10 years regarding water policy that 
the committee hesitates to add to the 
bulky volumes already on the library 
shelf. The reiteration of principles and 
policies w'th extensive expository sup- 
porting data no longer appears either 
appropriate or helpful. The present 
report, therefore, is restricted to a sim- 
ple summary of the general principles 
which, it is believed, offer a reasonable 
basis for the development of the water 
resources of the country: 


]. A sound water resources policy 
must look toward an adequate 
supply of water for our people ; prevent 
waste; reduce pollution to its lowest 
practicable level; provide means for 
the best and most effective distribution 
of water; and take steps to check the 
destructive forces of water which de- 
stroy land, property, and life. 
2. First priority should be given to 
providing water for people—for use 
in their homes and urban activities. 
The relative status of industry, agricul- 
ture, recreation, and navigation de- 
pends upon the contribution which 
each can make to the economic and so- 
cial welfare of the area or region 
concerned. 
, The successful administration of a 
national water policy is depend- 
ent upon adequate basic hydrologic 
data and increasing emphasis upon the 
interpretation thereof. These, in turn, 
are dependent upon a greater under- 
standing of the natural laws governing 
the occurrence, movement, availability, 
and conservation of the nation’s waters. 
The US Geological Survey is entitled 
to full support in its water resources 
activities. 
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4, The position of a federal coordi- 
nator of water resources should 
be established in order to provide presi- 
dential direction and agency coordina- 
tion and to establish uniform principles, 
standards, and procedures for planning 
and development of water resources 
projects in which there is a federal 
interest. 
A board of review, independent 
of other federal agencies and 
under its own chairman, should be cre- 
ated to analyze the engineering and 
economic feasibility of projects, to de- 
termine the federal interest in them, 
and to report to the President and the 
Congress. Appointments to the board 
of review should be made for such 
terms that a majority of the members 
are not appointed during a single presi- 
dential term of office. 


6, Regional or river basin water 
resources committees should be 
formed with a permanent nonvoting 
chairman appointed by the President, 
with membership composed of alli fed- 
eral departments and states involved, 
provided that the states paramount 
control in matters involving intrastate 
waters is maintained. 
A permanent federal interagency 
“committee on water resources, ad- 
visory in character, composed of prin- 
cipal policy making officials of the 
agencies concerned, should be estab- 
lished under the chairmanship of the 
coordinator. 
, Planning for water resources and 
related developments on interstate 
streams should be conducted on a co- 
operative basis with representatives of 
all federal, state, and local agencies in- 
volved. This joint participation should 
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be continuous in order that the plans 
and projects development assure the 
best and most effective use and control 
of water to meet both the current and 
long-range needs of the people of a 
region, state, or locality and of the 
nation as a whole. 


Q, The federal government in its ac- 
tivities in the water resources field, 
should: 


9.1. Provide for the preparation of 
plans for the unified development and 
regulation of the interstate river sys- 
tem of the country upon sound hy- 
drologic, engineering, and economic 
principles. 

9.2. Provide for definite and effec- 
tive programs for the construction of 
the projects included in such plans, 
the programs to be prosecuted as found 
desirable by Congress to meet current 
necessities which are in the national 
interest. 

9.3. Limit federal contributions to- 
ward projects to amounts warranted 
by the national interests involved. 


9.4. Provide for an equitable distri- 
bution of project costs among various 
functions and various beneficiaries. 


9.5. Provide for systematic and ef- 
fective cooperation among federal agen- 
cies—and between these and agencies 
or individuals in the several states— 
in formulating water plans and 
programs. 


9.6. Encourage the state and local 
agencies to assume full responsibility 
for planning, constructing, and operat- 
ing their water resources projects and, 
when working in cooperation with the 
federal government to asstime their ap- 
propriate share of all allocated costs. 
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10. As a general policy, all interests 

should participate in the cost of 
water resource development projects in 
accordance with the measure of their 
benefits. 


10.1. The federal government should 
assume the cost only of that part of 
projects where benefits are national 
and widespread. 


10.2. Beneficiaries of federal water 
resources projects should reimburse the 
federal government (with interest on 
any deferred payment) for their equi- 
table share of the cost. 

10.3. Where projects are primarily 
local, and the beneficiaries are clearly 
identifiable, the federal government’s 
contribution should be limited, with 
nonfederal beneficiaries bearing equi- 
table portions of the construction costs 
of the project, as well as the replace- 
ment, maintenance, and operation costs. 
]], The states should fully exer- 

cise their rights and responsi- 
bilities in the control and development 
of water resources. 


11.1. State legislation should be 
enacted in due time to provide a basis 
for the equitable settlement of the 
problems inherent in each phase of 
water development and management. 
Premature legislation, however, tends 
to perpetuate past use patterns because 
of their residual political weight. 
Therefore, each state should be cau- 
tious about adopting features of stat- 
utes of other states. A new statute 
should instead be based on a full knowl- 
edge of the water problems to be en- 
countered in the state involved. The 
hydrologist should be an equal partner 
with the lawyer and the economist in 
the design of legislation. 
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11.2. The state should, by appropri- 
ate legislation, encourage and, when 
necessary, foster the construction of 
storage reservoirs for control of flood 
runoff where need is demonstrated. 
Any water thus stored should be under 
the jurisdiction of the state allocation 
agency and should be made available 
for such use as will promote the great- 
est economic benefits. 


11.3. The states should enact legis- 
lation which will permit and encourage 
the development of water districts, 
water authorities, or similar agencies 
(not limited by municipal or county 
boundaries) for the development, pro- 
duction, treatment, and distribution of 
water for domestic, commercial, indus- 
trial, municipal, and fire protection 
uses. 


11.4. The initiative and responsibil- 
ity rests upon local agencies for plan- 
ning, financing, constructing and oper- 
ating works for furnishing domestic, 


commercial, and industrial water sup- 


ply. The federal government should 
not participate in such projects unless 
they are a part of a multiple purpose 
water development in which there 
exists definite and justifiable federal 
interest and benefits. 
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Municipal Utilities and the Fringe Area 


George H. Esser Jr. 


A paper presented on Nov. 13, 1956, at the North Carolina Section 
Meeting, Charlotte, N.C., by George H. Esser Jr., Asst. Director, In- 
stitute of Government, University of North Carolina, Chapel Hill, N.C. 


URING the next 25 years, all reli- 
able estimates indicate, 50,000,000 
more people are going to be living in 
our cities, in suburban communities, 
and in what we call, for lack of a better 
term, urban areas. North Carolina 
cities and urban areas will get their 
share of those 50,000,000 people, and, 
perhaps, more than a _ proportionate 
share if the present campaign for indus- 
trialization is accelerated. Only dur- 
ing the last few years have those in 
urban areas fully realized the challenge 
that must be faced in the next 5, 10, 
and 20 years—the question of how 
those 50,000,000 people are to be given 
jobs, how they are to find attractive 
homes served by adequate govern- 
mental services and a community situ- 
ation in which they can lead happy and 
satisfying lives. This is a large order 
and it must be filled without penaliz- 
ing those who live in cities today. 
During the last 3 years, as recogni- 
tion of the challenge has grown, com- 
munities have begun to respond. In- 
tensive studies of many growing cities 
have been undertaken; universities 
have placed metropolitan development 
high on the research priority list; pri- 
vate foundations and public agencies 
have begun to pour more and more 
money into the effort to find better 
answers for government in the grow- 
ing metropolitan and urban areas. 
But all this effort comes at a time 
that is already occupied with develop- 


ment. Today and tomorrow and the 
next day, utility and government offi- 
cials all over the country must make 
decisions which will have a lasting ef- 
fect on how and where cities will de- 
velop. While research goes on, life 
goes on, and it is not possible to wait 
for the answers that 1962 will bring 
when confronted with the problem in 
1956. 

It is not necessary to spell out the 
problem. The population of some 
North Carolina cities is increasing as 
much as 3-5 per cent per year and the 
population of fringe areas outside of 
those cities is growing at a faster rate. 
New homes are springing up in clus- 
ters of 2, 5, 25, 100, and 500. Resi- 
dents of these new developments who 
want the best services they can obtain 
at the lowest cost often make judg- 
ments based more on cost than on 
needed quality of services. Every city 
in North Carolina has outside its bor- 
ders new housing developments which 
are served with wells and, more fre- 
quently, with septic tanks—where lots 
are too small to provide adequate sew- 
age disposal with such a tank. Inade- 
quate sewage disposal results in a 
hazard to public health, in loss of prop- 
erty values, and in the creation of sub- 
urban slums. It does not take years 
for these conditions to develop; if 
building takes place today under these 
conditions, the danger stage may come 
by next year. These are just sanitation 
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problems, but there are countless 
others. 

These conditions do not arise be- 
cause of the unwillingness of water and 
sewer departments to cooperate; in- 
deed, they arise in spite of the efforts 
of municipal officials. In order to avoid 
such conditions, many cities have made 
water supply, in particular, and sani- 
tary sewer services, in some instances, 
available outside corporate limits. So 
that city taxpayers will not suffer from 
making this privilege available outside 
city limits, cities have charged higher 
rates to users outside the city and, all 
too often, cities have received in return 
the antagonism of outside residents 
rather than their gratitude. 

It is not the object of this article to 
discuss or analyze the specific policies 
which cities should put into effect when 
extending water and sewer services to 
outside residents. Many cities have 
sound financial policies in this respect. 
In other cases, however, it is felt that 
cities are unjustifiably subsidizing de- 
velopment in outside areas at the ex- 
pense of the city taxpayer. 

A detailed study of Greensboro, 
N.C., and its suburbs made by the au- 
thor in 1955 under the auspices of the 
Institute of Government of the Univer- 
sity of North Carolina provided conclu- 
sions of value to all cities. Although 
this article is based on conclusions 
drawn from the Greensboro study, it is 
not the last word on the subject. It 
is hoped to refine and make more prac- 
tical these conclusions with any com- 
ments and suggestions which may be 
forthcoming. 


Local Government Objectives 


First, it seems necessary to discuss 
the overall policy objectives of local 
government, particularly with refer- 
ence to water and sewer services. This 


cannot be done without looking at the 
entire metropolitan area—the city and 
its suburban fringe—for if the corpo- 
rate boundary is eliminated, an urban 
area remains that has no boundary 
short of the open country. 

A primary objective, it seems, is to 
get adequate services to those who need 
them when they are needed. If this 
objective is applied to water and sewer 
services, it means the installing of 
water and sewer lines at the time the 
land is subdivided into small lots on 
which homes are being built. For ex- 
ample, if a subdivision of 100 homes is 
built on lots 75 by 100 ft within a mile 
of a city, it is clear that septic tanks 
will not be adequate for sanitation. 
Community sewage disposal systems 
may be more adequate but do not con- 
stitute a long-term solution. It is de- 
sirable that a subdivision of this char- 
acter be connected to a public sewer 
system when it is built, not after it has 
been equipped with septic tanks that 
have proved inadequate. 

But this objective is stated in general 
terms. To what extent should it be 
necessary for a city to extend its water 
lines? How far into the suburban area 
does a city have basic responsibility ? 
These are questions that have puzzled 
many, and no flat answer can be made. 
In the Greensboro study, however, a 
standard was assumed which made ap- 
proximate answers possible. This 
standard was based on density and was 
developed as follows. From standards 
and studies of health officials, including 
the county board of health, it was de- 
termined that individual sewage dis- 
posal systems would not work satisfac- 
torily unless they were used on lots of 
about 0.5 acre or larger in size. Fortu- 
nately, and not entirely by accident, it 
was discovered that the city could af- 
ford to extend tax-supported services— 


> 
> 
l 
\ 


836 GEORGE H. 
fire and police protection, garbage col- 
lection and disposal, and street mainte- 
nance—to any area that was developed, 
on the average, to a density of about 
two houses per acre. This was also the 
density at which the city could afford 
to extend water and sewer lines under 
the city’s rate structure and extension 
policies. 


Optimum Density 


It was clear that a high level of serv- 
ices could be financially supported in 
the Greensboro suburban area wher- 
ever development was at this density, 
which was also the density at which 
the public health officials required con- 
nection to the sewer system. In short, 
if development in the metropolitan area 
could be guided properly, city type 
services could be supplied to those 
areas having a density requiring such 
services; in more sparsely developed 
areas, a less expensive pattern of serv- 
ices (including wells and septic tanks) 
would meet health requirements and 
other service standards. 

The exact findings in Greensboro 
will not be duplicated in every city, but 
the pattern will probably be similar. 
Property tax conditions in some of the 
counties will make it difficult for every 
city to provide high-quality services to 
land having so few houses per acre, but 
in other cities service costs will be 
much lower than in Greensboro. 

As is known, however, there is a 
general tendency to build subdivisions 
and little communities at 1, 2 and 3 
miles from the city, where the land is 
cheap. This sprawling development 
makes extension of municipal facilities 
prohibitively expensive, and suggests 
a second policy objective: If cities are 
to extend services where and when 
needed, development of a community 
of that type and density which requires 
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city quality services must be restricted 
to the area that the cities can reach. 
This is not to say that the citv must 
determine which land is to be devel- 
oped, but that the city, in conjunction 
with other governmental agencies, 
must encourage intensive development 
where services can readily be made 
available. 

Ideally, then, two objectives are de- 
sirable: [1] It is desirable to prevent 
the development of suburban slum 
areas—slum areas being those which 
result from inadequate sanitation, in- 
adequate water supply, or unsound land 
development. [2] It is desirable to 
channel suburban development in such 
a fashion that prohibitive costs for mu- 
nicipal services are not incurred. Both 
of these objectives imply one major 
goal—that the entire metropolitan area 
be soundly planned, particularly since 
the type of development that takes 
place outside the city is of great impor- 
tance to the people now in the city. 


Unity of City and Fringe Area 


Unless the fact of the unity of the 
city and fringe area is accepted, there 
is no fringe area problem. The city 
has the closest possible interest in de- 
velopment outside the city for a num- 
ber of reasons. The corporate boun- 
dary is, in effect, an imaginary line 
which cuts through a community which 
is in reality a single economic and social 
unit. Businesses outside the city de- 
pend on a market inside the city, and 
businesses inside the city depend on the 
outside market to an even greater de- 
gree. Residents outside the city work, 
shop, and play in the city. If the great- 
est good of all who live in the commu- 
nity is to be met, then local government 
policies must be planned to encourage 
economic development throughout the 
metropolitan area. Industrial develop- 
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ment must be encouraged with good 
sites, good transportation and utilities, 
and attractive residential areas; com- 
mercial development with good sites, 
good transportation, and a good mar- 
ket; and residential development must 
be encouraged with good sites and good 
services. 

Furthermore, the incorporated city 
has an interest in development outside 
the city. It is established that small, 
growing cities (such as those in North 
Carolina) cannot stop extending their 
boundaries and continue to have a tax 
base which will support the ever in- 
creasing demand for services. This is 
particularly true when many of the de- 
mands on our cities and towns are for 
services benefiting the suburban resi- 
dent as well as the city dweller. The 
city dweller cannot be expected to con- 
tinue to pay for wider downtown 
streets, special downtown fire protec- 
tion, and special traffic control meas- 
ures if additional revenues are not 
made available. If cities must grow, 
if they must extend their boundaries, 
then conditions outside the city must 
favor annexation and make the cost of 
annexation as low as possible. If cities 
do not grow, they will soon reach the 
point of decreasing revenues at a time 
when service demands are still increas- 
ing. In short, the fringe area problem 
is not confined to the suburbs; it is just 
one part of the picture of metropolitan 
development. 

North Carolina cities cannot reach 
the objective of encouraging sound 
metropolitan development overnight. 
These cities do not have the power, 
alone, to reach this objective or to solve 
their fringe area problems. They can, 
however, make a good start by under- 
standing their own areas and, then by 
adopting an overall program leading 
to a solution. Water and sewer system 
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personnel must be in the vanguard 
when that program is adopted. 


Long-Range Planning 

The steps necessary to enlarge a 
water supply or filtration capacity, or 
to build or rebuild a distribution system 
or sewage disposal plant are familiar 
ones. The first essential step is a 
study, as it is, too, in planning for the 
growth of city services. The study 
need not be made by an outside agency ; 
indeed it may be preferable to make 
the study locally. Whoever makes it, 
however, such a study should include 
anaylsis of: 

1. The probable future economic de- 
velopment of the city and the surround- 
ing suburban area 

2. The probable population growth 
in the city and in the surrounding sub- 
urban area for the next 20-25 years 

3. The services which will probably 
be needed both in the city and in the 
suburban area during the same period 

4. The cost of providing those serv- 
ices and the revenues which will prob- 
ably be available to meet them 

5. The policies which will be neces- 
sary both on the part of the city and 
of the county in order to encourage eco- 
nomic development and meet service 
needs. 

Such a study should not be made by 
the city alone. It should be made with 
the assistance and participation of resi- 
dents in the suburban area and of the 
county. Some cities will get more un- 
derstanding and cooperation from its 
suburbs than others, but the effort must 
be made to enlist that cooperation, be- 
cause the best job cannot be done by 
the city alone. 

On the basis of the study, a program 
should be developed that is appropriate 
to the city and the metropolitan area. 
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One of the first points in a program 
should probably be a well-defined an- 
nexation policy. With all deference to 
the cities which are now extending 
water and sewer services to the sub- 
urban area without annexation, it 
would seem that such a policy is, in 
effect, selling the city’s birthright for 
a mess of pottage. Of course, it is true 
that water and sewer services are 
financed by rates and charges and that 
the remaining city services are sup- 
ported by taxes. It is also true that 
water lines and, less frequently, sewer 
lines can be extended more easily than 
the other services. City services are, 
however, interdependent. A high qual- 
ity of fire protection is not possible 
without water lines. An outside resi- 


dent who is served by city water and 
sewer lines benefits from some of the 
values of city fire protection (such as 
lower insurance rates) without paying 
taxes for the privilege. In other words, 


when he receives water and sewer serv- 
ices, the outside resident gets an im- 
portant part of the municipal service 
package—the part that makes his prop- 
erty more usable and more valuable. 
The city, which must eventually ex- 
pand, gives up its bargaining position 
in advance. The outside resident, 
while enjoying the principal city serv- 
ices and while working in the city, ex- 
pects the city taxpayer to provide him 
with police and fire protection at his 
place of work, expects the city tax- 
payer to rebuild and widen the streets 
that take him to and from work, and 
expects the city taxpayer to provide 
the recreational facilities which he and 
his family can use. 


Annexation 


Instead of surrendering its bargain- 
ing position, the city should use it. 
This is not to suggest indiscriminate 
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use ; rather, it would seem practical, as 
part of an overall city-suburban plan, 
for the city to make its services avail- 
able to any area which is being devel- 
oped for commercial or industrial uses 
or for high-density residential uses. As 
a prerequisite to such service, however, 
the city should insist that the area be 
annexed prior to extension of services. 

More and more cities are adopting 
this policy today, and it is being used 
successfully because these cities (in 
North Carolina) are showing the new 
homeowner that he will benefit from 
annexation. But there are many ques- 
tions that can be raised concerning the 
long-range workability of such a plan. 
What, for example, can be done about 
the area which refuses annexation and 
installs septic tanks? It must be re- 
emphasized at this point that cities can- 
not do the job alone. Many devices 
have been suggested. County-wide 
planning and a county subdivision ordi- 
nance can help. But just one thing will 
work in the long run—controls that 
prohibit development in a way that will 
create sanitation hazards. These con- 
trols can be imposed in North Carolina 
today. If the county board of health 
were to tighten its regulations for the 
installation of septic tanks, there would 
be two results. First, those areas 
where large subdivisions were being 
built, or where commercial centers 
were being built would have to be lo- 
cated where city water and sewer serv- 
ices were available. Secondly, if con- 
struction were done without city water 
and sewer services, builders would be 
compelled to operate under regulations 
which would probably insure satisfac- 
tory operation of septic tanks. In Guil- 
ford County, the health officer and the 
author agreed on a minimum lot size 


of 20,000 sq ft. 


anil 
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Effects on Real Estate 


Another question which might arise 
concerns the danger of upsetting the 
real estate market by attempting to 
locate all development adjacent to the 
city boundary. Stringent septic tank 
regulation will distort the real estate 
market unless the city is willing to 
extend water and sewer lines into an 
area which has at least twice as much 
land as is needed for development at 
any one time. This means that the city 
must first have a water rate structure 
that will support a reasonable amount 
of extension each year, and it must let 
its extension policies be known. 

There are several sound and success- 
ful extension policies in effect today 
in North Carolina. Fundamentally, 
though, there are only two feasible 
choices. Either the city can adopt a 
limited utility concept and offer to pay 
part of the cost of extension to any 
newly served lot (in cash or through a 
refund), or the city may adopt the 
property benefit concept and assess part 
or all of the cost of the installation of 
local lines against the abutting-property 
owner. In any case, it seems that the 
city should bear the cost of trunk lines 
and major distribution or collection 
costs. At this point the rate structure 
should be defined. A sound rate struc- 
ture is one in which the rates meet 
the costs of production and distribution 
of water and the collection and disposal 
of sewage, and leave enough annually 
to amortize the cost of extending lines 
in proportion to commurity growth. 

Each of the two principai extension 
policies has some advantages. The as- 
sessment of some costs has advantages 
in that it recognizes the increase in 
property value which derives from the 
installation of water and sewer lines, 
and in that it requires a smaller invest- 


ment by the city. The limited utility 
concept has advantages in that it may 
encourage connections, because it ap- 
parently requires less investment by the 
property owner. 


New Annexation Procedures 


Service to areas adjacent to the city, 
but which will not approve annexation 
is another problem. Under the present 
law, there is no way to force annexa- 
tion, and forcible annexation is not rec- 
ommended unless there is a quid pro 
quo. When water and sewer lines are 
installed in an area, the property in 
the vicinity increases in value. When 
those lines are installed, the remaining 
city services become feasible. In short, 
the extension of services is extension 
of the service boundary, and the service 
boundary should coincide with the cor- 
porate boundary. After all, the high- 
quality services provided by a city are 
only those services needed in a rela- 
tively densely populated residential or 
commercial area. When these services 
are made available, the area served 
should be part of the city. In order to 
insure that services are provided when 
they are needed and that annexation 
takes place on a rational basis, it would 
be useful to enact legislation providing 
for statutory standards which establish 
when an area should be annexed. The 
city might petition for annexation 
whenever it was ready to extend water 
and sewer lines into an area. The peti- 
tion would be made to a board repre- 
sentative of the entire metropolitan 
area whose function it would be to de- 
termine whether the petition met the 
statutory standards. 

Such a procedure could work in 
North Carolina. It has not been re- 
fined, but it is being studied carefully, 
and perhaps a specific proposal that 
takes into account the necessary safe- 
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guards and exceptions can be prepared 
for submission to the 1959 general 
assembly. 

Industry which does not want to be 
annexed presents a difficult problem. 
If an industry is receiving municipal 
services, however, it should be willing 
to pay for them. If it does not want 
the services and is not receiving them, 
perhaps an exception can be made. 
Further intensive study of this problem 
of industrial location and service must 
be made if any state expects to be at- 
tractive to industry. Local govern- 
ments cannot, however, afford to sub- 
sidize such industry—even indirectly. 


Conclusion 


The fringe area problem can _ be 
solved, but only through a carefully 
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coordinated program in which the city, 
the suburban area, and the county gov- 
ernment cooperate. The following 
could serve as interim measures: [1] 
community studies; [2] public rela- 
tions programs initiated by cities; [3] 
refusal on the part of the city to extend 
water and sewer lines except where the 
area to be served is annexed; and [4] 
a water and sewer extension policy that 
is financially feasible. It is not denied 
that many problems may appear not to 
have been covered in those simple 
words, but these problems can be 
worked out. Above all, cities must 
take the initiative in planning for the 
rapid growth that has already begun, 
and water and sewer personnel must 
take a leading role in helping to work 
out a practical policy. 
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VAPORATION and its reduction 

are important to the Bureau of 
Reclamation from several standpoints. 
In planning a project, the evaporation 
from a proposed reservoir or series of 
reservoirs must be evaluated in esti- 
mating potential water loss. Evapora- 
tion loss may be significant or even 
critical, particularly when a large num- 
ber of reservoirs is involved or with 
reservoirs having large holdover stor- 
age. In existing projects this loss of 
water may be prorated among the 
water users according to legal deci- 
sions, as in the North Platte River sys- 
tem of Colorado and Wyoming. Any 
reduction of evaporation loss increases 
water available for use. In the arid 
West, prices of irrigation water range 
from $1 to $20 per acre-foot, depending 
upon the location. In the West, irri- 
gated land under average management 
may yield produce valued from $30 to 
more than $200 per acre. 

The evaporation of water is a serious 
problem not only in the West but also 
in many humid regions of the East. 
The loss by evaporation, however, 
however, is less evident in humid re- 
gions because rainfall nearly equals 
evaporation. Hence, any method re- 
ducing evaporation benefits not only 
the arid West, but other parts of the 
country as well. 


Monomolecular Layers 


Laboratory studies during the last 60 
years (1-7) have shown that mono- 
molecular layers of certain long-chain 
polar materials are able to effect a sig- 
nificant reduction of evaporation from 
a water surface. The layers are pro- 
duced when the molecules align them- 
selves with one end (the hydrophylic 
end) in and the other end (the hydro- 
phobic end) out of the water. Such 
films, because they are confined to the 
water surface, may behave as_ two- 
dimensional liquids, gases, or solids. 
The presence of these layers can sub- 
stantially reduce the surface tension. 
A useful concept based upon this re- 
duction is film pressure, which is the 
difference between the surface tension 
of clean water and that of a surface 
covered with a film. Values of film 
pressures range from nearly zero to 
over 40 dynes per centimeter. 

Field studies in Australia have 
shown that long-chain alcohols, par- 
ticularly hexadecanol, show promise 
when used as a monomolecular layer 
for reservoir evaporation reduction. 
Further studies are now underway, not 
only by the Bureau of Reclamation, but 
also by several other organizations in 
this country, as well as abroad. 
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Fundamental Studies 
E. K. Rideal (4) was the first to 


observe the reduction of evaporation 
of water by the presence of a mono- 
molecular layer. His studies, done in 
1925, were made with various fatty 
acids. Langmuir and Langmuir (5) 
extended the studies of Rideal and 
found that, with regard to reducing 
evaporation from a _ water surface, 
hexadecanol was superior to oleic, 
stearic, and palmitic acids, as well as 
to cetyl palmitate and myricyl alcohol. 
These investigators were the first to 
propose the use of a resistance value 
to express the ability of a given mono- 
molecular layer to reduce evaporation. 
The evaporation resistance for a given 
film is a function of the reciprocal of 
the mass transfer rate of water 
through the film. 

A most important work was reported 
in 1943 by Langmuir and Schaefer 


(7). In their experiments, the evapo- 
ration from a water surface was meas- 
ured by the amount of water absorption 
in a desiccant located a few centimeters 


above the treated water surface. The 
true rate of escape of water molecules 
from the surface was decreased by a 
ratio of about 10,000:1 by a com- 
pressed monomolecular film of hexa- 
decanol. Modifications of this tech- 
nique have been used for laboratory 
studies by most of the investigators 
since that time. They noted that the 
contamination of one part in 1,800 of 
certain organic materials in the mono- 
molecular layer could reduce the effec- 
tiveness of a layer to 40 per cent of 
its original effectiveness. They dis- 
cussed the mechanism by which the 
evaporation was reduced and con- 
trasted it to the ability of a thick layer 
of oil to reduce evaporation, in which 
case there is simply slow diffusion 
through the oil. With a monomolecu- 
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lar layer, there is a finite energy bar- 
rier to be overcome by the escaping 
water molecules. 

In 1953, W. W. Mansfield (8), in- 
vestigating the use of monomolecular 
layers under field conditions found that 
hexadecanol, and possibly stearyl alco- 
hol, were most effective. 

In 1954, LaMer and Archer (9) re- 
ported on investigations with fatty 
acids. Their results were expressed as 
a modification of the Langmuir- 
Schaefer resistance. They were able 
to demonstrate that liquid monomolecu- 
lar layers of the fatty acids give a re- 
sistance which is independent of the 
film pressure when it is above 10 dynes 
per centimeter. They offered an ex- 
planation for the energy barrier postu- 
lated by Langmuir and calculated its 
magnitude from the heats of vaporiza- 
tion—with reasonable agreement with 
experimental results. They also dem- 
onstrated that the effectiveness of a 
given film is dependent upon the 
spreading technique. 

The early studies of Cary and Rideal 
concerning the production of a mono- 
molecular layer from solid material 
were confirmed in 1955 by Mansfield 
(10, 11). In particular, he was most 
interested in hexadecanol and stearyl 
alcohol and found, as did the previ- 
ous investigators, that the rate of for- 
mation of a monomolecular layer from 
a solid was a function of the length 
of the air-water-crystal interface and 
the difference between the instantane- 
ous film pressure and the spreading 
pressure for the material. He also 
was able to show that fatty acids, when 
applied to natural bodies of water, 
combine with the chemicals in the 
water to form a solid monomolecular 
layer—that is, a film which shows 
horizontal shear strength. Such solid 
monomolecular layers do not exhibit 
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the ability to reduce evaporation. This 
probably results from the fact that the 
slightest movement of water fractures 
the film causing openings which do not 
reheal. On the other hand, he found 
that the monomolecular layers of the 
alcohols remained as two-dimensional 
fluids when applied to the water surface 
of outdoor lakes or reservoirs. From 
these observations he concluded that 
fatty acids, as a group, are not practical 
for reservoir evaporation reduction. 
LaMer and Rosano (12) continuing 
the previous work by LaMer and 
Archer, reported their investigations 
with long-chain acids and alcohols. 
They were able to correlate the abil- 
ity to reduce evaporation with films 
which behave as incompressible two- 
dimensional fluids. They confirmed 
the previous observation that the 
evaporation resistance of a fatty acid 
film is independent of the film pressure 
when that pressure is above 10 dynes 
per centimeter and that this resistance 
is reproducible and increases with in- 
creasing chain length. For mono- 
molecular layers consisting of mole- 
cules of different chain length but be- 
longing to the same chemical group, 
the reciprocal of the evaporation re- 
sistance of the combined monolayer is 
the sum of reciprocals of the resistance 
of the individual components. For 
fatty alcohols, however, it was found 
that the resistance is dependent upon 
the film pressure—the greater the pres- 
sure, the higher the resistance. 
During the First International Con- 
ference on Reservoir Evaporation, held 
in April 1956, W. W. Mansfield re- 
viewed his previous work and reported 
on his most recent investigations (13). 
He had done considerable theoretical 
work on the quantity of hexadecanol 
necessary to compensate for various 
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losses which could occur under field 
conditions. Among the losses consid- 
ered were those resulting from solution 
in the water, evaporation, and expan- 
sion of the film by wave action. The 
thermal effects of a treatment were 
studied and it was shown that the tem- 
perature of the surface of the water 
would increase slightly, causing a 
slight decrease in the film effectiveness. 
It was found that the aging effects of 
long-chain alcohols were less for hexa- 
decanol than any of the other materials 
tested and that the resistance of hexa- 
decanol increased as the film pressure 
increased. Also studied were the ef- 
fects of additives on the effectiveness 
of hexadecanol. It was found that 
small percentages of stearyl alcohol 
could increase the evaporation resist- 
ance of the film, the optimum concen- 
tration of the stearyl alcohol depend- 
ing upon the water temperature and 
air velocity. 


Early Field Studies 


Considerable work has been carried 
out on the use of hexadecanol for con- 
trol of reservoir evaporation by W. W. 
Mansfield in Australia. Field tests in 
Woomelang in 1953 indicated the 
need for further investigations of the 
technique of application. During the 
summers of 1954 and 1955 in southern 
Australia and during the dry season in 
northern Australia, several investiga- 
tions were conducted (14) on open 
reservoirs and large tanks. Unfortu- 
nately, during the periods chosen, all of 
Australia experienced especially heavy 
and unseasonal rainfall. This compli- 
cated the water budget for these tests. 

Hexadecanol in flake form was 
stored in floating, brass wire screen 
cages anchored in the reservoir to be 
treated. A monomolecular layer was 
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formed at the air-water-crystal inter- 
face and passed through the openings 
in the screen to the rest of the surface 
of the reservoir. 

To evaluate the treatment, water 
storage and evaporation pan records 
for periods up to 15 years prior to 
treatment were examined. The loss 
from a given reservoir was then evalu- 
ated as a linear function of the seepage 
and evaporation. The periods of treat- 
ment ranged from 3 to 11 weeks, with 


results ranging from — 15 per cent to 
+ 97 per cent reduction in evaporation. 
The most probable values were in the 
range 15 to 40 per cent. The treated 
reservoirs varied in size from 0.14 acre 
to 11 acres with dosages as high as 5 Ib 
per acre. Although these results are 
encouraging, it is recognized that the 
field conditions would make precise 
evaluation extremely difficult. Later 
tests reported at the international con- 
ference indicated comparable results 
with reservoirs up to 22 acres. 
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Bureau of Reclamation Study 


The Bureau of Reclamation’s early 
investigations of the progress in evapo- 
ration suppression techniques consisted 
of a review of the literature and cor- 
respondence with every worker in this 
field. The correspondence survey and 
literature search showed that the labo- 
ratory and field studies up to that time 
indicated that monomolecular layer of 
fatty alcohols for reservoir evaporation 
reduction was promising. One of the 


din Screening Tests 


better materials appeared to be hexa- 
decanol. The survey also seemed to 
indicate that there were many phases 
of the study which needed further ex- 
amination, particularly those involved 
in large-scale applications. 


Screening Tests 


A program was established to inves- 
tigate the evaporation-reducing abili- 
ties of various monomolecular layer- 
producing materials and duplex films 
(two-layer films consisting of a mono- 


Fig. 1. Evaporation Pans 
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layer of a polar material on the bottom 
and a layer of mineral oil on top). 
These studies are carried out in 4-ft 
diameter standard US Weather Bu- 
reau Class A evaporation pans located 
outdoors. This installation is shown in 
Fig. 1. The size and location served 
to incorporate into the screening tests 
some of the factors present in field 
conditions. 

Of the 125 materials tested, one 
—hexadecanol—showed outstanding 
properties. With hexadecanol flakes 
sprinkled on the pan at the rate of 60 Ib 
per acre, a single treatment has been 
effective for more than 4 weeks, with a 
maximum efficiency of 64 per cent. 
Even with hexadecanol, however, the 
results vary considerably, depending 
upon the form and source of materials 
and upon ambient conditions. With 


hexadecanol, results have ranged from 
less than 10 per cent to over 60 per cent 
reduction of evaporation. 


Pilot Studies 


Three adjacent ponds, 33 x 10 ft, 
constructed with a watertight asphalt 
lining, were used to investigate further 
the efficiency of a surface treatment 
with hexadecanol under field condi- 
ditions. In these studies, a broadcast 
type of application resulted in a 13 per 
cent reduction of evaporation, and a 
wire cage (“raft”) type application re- 
sulted in a 16 per cent reduction. 
These values were observed notwith- 
standing the fact that crystals washed 
onto the liner reacted with the asphalt 
in the presence of sunlight and formed 
a chemical possibly capable of contami- 
nating the monomolecular layer. The 
fact that the wire screening used for the 
floating cages had such small openings 
that it soon became clogged, undoubt- 
edly reduced effectiveness too. 
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Toxicity Studies 


Any chemical applied to a reservoir 
must not produce a condition toxic to 
humans, plants, or fishes. Full clear- 
ance within the limits of this particu- 
lar application for the use of hexa- 
decanol, from the standpoint of toxicity 
to humans, was received from the US 
Food and Drug Administration, De- 
partment of Health, Education, and 
Welfare. 

Preliminary and limited toxicity 
studies were made by the Bureau of 
Reclamation to determine if the use of 
hexadecanol would represent a major 
hazard to fishlife, wildlife, fowl, or 
aquatic plants. Laboratory tests were 
made with several species of fish, 
aquatic microorganisms, emergent in- 
sects, ducks, and several species of 
aquatic plants. The effect on the trans- 
fer of oxygen and carbon dioxide across 
the surface was also evaluated. 

The tests indicated that a surface 
treatment with hexadecanol would af- 
fect adversely only the emergent in- 
sects. It was recognized that although 
the results were encouraging, the inves- 
tigations were not final or conclusive. 
More extensive studies are now under- 
way at the University of Colorado. 


Choice of Reservoir 


The final evaluation of any method 
for large-scale evaporation reduction 
must be made on a large reservoir. 
The reservoir used, however, must 
have a water budget which is accurate 
enough to enable a precise determina- 
tion of the evaporation. 

It is not easy to find such a reservoir, 
as many elements of the water budget 
are difficult, if not impossible, to evalu- 
ate. An example of such an element 
is bank storage; the spongelike action 
of the bank by which large quantities 
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of water may be absorbed and later 
released. 

The problem was faced in 1949, 
when a program was set up to evaluate 
and correlate factors affecting evapo- 
ration from large reservoirs and to 
test various instruments designed to 
measure these factors. After an ex- 
haustive search, Lake Hefner in Okla- 
homa City was chosen. Lake Hefner, 
approximately 2,500 acres in surface 
area, is part of the Oklahoma City 
domestic water system. It has a small 
drainage area and a precise water 
budget. 

The evaporation study was con- 
ducted jointly in 1950-51 by the Bu- 
reau of Reclamation, the USGS, and 
the Navy Department (15, 16). 

With such properties and history, 
Lake Hefner is a natural choice for 
large-scale evaporation reduction ex- 
periments. As it is part of a public 
water supply, it was essential to deter- 
mine if there would be any toxicity to 
humans or any deterioration of the 
water quality as a result of treatment 
with hexadecanol. 


Kids Lake 


The question of toxicity to humans, 
as mentioned previously, was placed 
before the US Food and Drug Admin- 


istration. According to that organiza- 
tion, there appears to be no hazard to 
public health from the ingestion of 
small quantities of hexadecanol. 
Because the effect upon water qual- 
ity could not be fully predicted, a steer- 
ing committee was formed to program, 
direct, and evaluate studies related to 
the proposed Lake Hefner program, in- 
cluding tests to evaluate the water qual- 
ity question. The committee, com- 
posed of personnel from the Bureau of 
Reclamation, the Oklahoma City Water 
Department, the Oklahoma State De- 
partment of Health, the USPHS, and 
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the USGS, decided that the water qual- 
ity study would be conducted at Kids 
Lake, Oklahoma City, which is small 

(6 acres) and a former arm of Lake 
Hefner, formed by a dike across the 
arm. 

The tests were made during July and 
August 1956, with more than 100 Ib 
of hexadecanol scattered on the surface 
or in wire mesh rafts during the 2- 
month period. Since there was no out- 
flow during this period, all of the mate- 
rial was retained at Kids Lake. 

- The results of the tests indicated that 
insofar as the criteria of water quality, 
including taste, odor, color, toxicity, and 
other chemical qualities are concerned, 
nothing was found in the Kids Lake 
study to preclude further consideration 
of Lake Hefner for large-scale evapora- 
tion reduction investigations (17). 

Although the primary objective of 
the Kids Lake studies was to evaluate 
the effect on water quality, several 
other important observations were 
made. It was found that improved 
techniques of film application, mainte- 
nance, and detection should be devel- 
oped, that the effect on many biological 
elements of the lake was either nil or 
favorable, and that the bacteria Pseudo- 
monas and Alcaligenes increased in the 
presence of hexadecanol. The increase 
was from less than 10 to approxi- 
mately 50 organisms per milliliter. 
This was not felt to be significant from 
a water quality point of view. A study 
of the biological oxidation of hexa- 
decanol has been made by Ludzack and 
Ettinger (78). 


Film Detection 


The necessity for a reliable yet sim- 
ple method for ascertaining actual es- 
tablishment of a monomolecular film or 
layer was early recognized. There is 
need for a technique which will detect 
not only the presence of a film on the 
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water surface but one that will also 
indicate whether or not it is compressed 
sufficiently to exert an evaporation- 
reducing effect. 

The degree of compression of mono- 
layers on a water surface can be meas- 
ured and expressed in dynes per centi- 
meter. A monomolecular layer of 
hexadecanol on a water surface is only 
about 6 X 10°? in. thick, and is invisi- 
ble. It exhibits none of the interfer- 
ence patterns of color associated with 
much thicker multilayered nonmono- 
molecular oil films. The detection of 
the presence of an evaporation-reducing 
layer, therefore, constitutes one of the 
major problems in this endeavor. One 
of the developments of the Bureau of 
Reclamation’s engineering laboratories 
was a mixture of hexadecanol with 
very finely divided talcum powder. 
When this mixture is dropped in a free 
water surface, a very rapid dispersion 
of the talcum powder can be seen as 
it is carried along by the hexadecanol 
which is forming a monomolecular 
layer (see cover photo, this issue). On 
the other hand, if dropped on a water 
surface already containing a mono- 
layer, either a very slow movement 
takes place, or none at all. Although 
this test works very well under labora- 
tory conditions with pure water sub- 
phase and hexadecanol as the only film- 
forming material, its results are diffi- 
cult to interpret under field conditions. 
To overcome this difficulty a different 
technique was sought. Adams (19) 
had found that a mixture of light min- 
eral oil and dodecyl alcohol would pro- 
duce a duplex film of moderate film- 
spreading pressure. By varying the 
proportions of alcohol and oil, different 
spreading pressures could be obtained. 

The Bureau has found in its studies 
(20, 21) that the relationship between 
the spreading pressure of the duplex 
film and the percentage of dodecyl alco- 
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hol is nearly logarithmic (Fig. 2). A 
set of these oils has been made for 
every 5 dynes per centimeter from 5 
to 40 dynes per centimeter. 

Field tests with these indicator oils 
have shown that it is quite easy to 
determine the film pressure of a sur- 
face layer to within 5 dynes per centi- 
meter or less. It is felt that the pres- 
ence and film pressure of a mono- 
molecular layer can be easily and accu- 
rately determined with indicator oils: 
A drop of each oil is applied to the 
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Fig. 2. Relation of Film Pressure on 
Water to Percentage of Dodecyl 
Alcohol in Mineral Oil 


surface, beginning with the lowest 
spreading pressure and working up- 
ward. The film pressure lies between 
the spreading pressure of the first oil 
which spreads and that of the previ- 
ously used oil (22). 


Application and Maintenance 


Field studies are currently being con- 
ducted at Rattlesnake Reservoir, a 100- 
acre lake near Denver to develop a 
feasible technique for application and 
maintenance of monomolecular layer of 
hexadecanol on a large reservoir. 
Early results indicate that wind is a 
major factor in the process. When a 
satisfactory technique for film applica- 
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tion and maintenance of a large reser- 
voir has been devised, the large-scale 
evaporation reduction evaluation tests 
at Lake Hefner will be initiated. 
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HE resistance of hexadecanol to 

biological attrition has become im- 
portant because this chemical shows 
promise for use in the reduction of 
evaporation from impounded water 
(14). It has been shown (5, 6) that 
a monomolecular film with specific 
physical characteristics can substanti- 
ally reduce evaporation. Hexadecanol 
yields a film with the desired character- 
istics and appears to have other advan- 
tages for this use. Mansfield (2) pro- 
posed that hexadecanol be applied to 
large reservoirs by allowing a film of 
the chemical to spread from fixed rafts 
which also serve to renew the film con- 
tinuously once it is formed. 

Feasibility of the use of this material 
hinges upon many factors. Some of 
these include the ease and effectiveness 
of application, the amount of hexa- 
decanol consumed as a result of me- 
chanical or boundary losses, biological 
assimilation, and freedom from deleteri- 
ous effects on water characteristics. 
The value of the water saved compared 
to the cost of saving it will eventually 
determine the practical value of the 
procedure. 


The structure of hexadecanol 


(C,,H,,OH) suggests that it would 
readily be assimilated as a food by 
microorganisms. It is relatively insolu- 
ble, however, and this should limit its 


Biological Oxidation of Hexadecanol Under 
Laboratory Conditions 


F. J. Ludzack and M. B. Ettinger 


A contribution to the Journal by F. J. Ludzack and M. B. Ettinger, 
both of the USPHS, Robert A. Taft San. Eng. Center, Cincinnati, 
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availability to the organisms in surface 
water. 

Exploratory work on _ emulsified 
hexadecanol using the BOD test (7) 
resulted in oxidation of 30-60 per cent 
of the emulsified material in 5 days. 
This was definite evidence that micro- 
organisms could metabolize hexadeca- 
nol, but not that such action would con- 
sume an oriented monolayer such as has 
been proposed for evaporation control. 


Experimental Details 


Carboys of 5-gal capacity were used 
as paired oxidation units, one of which 
served as acontrol. Each was charged 
with 8 liters of identical liquid substrate 
and laid on its side to increase air— 
water interface area (approximately 
850 sq cm or 0.91 sq ft). Hexadecanol 
pellets were floated in the test unit. Es- 
timated surface area of the pellets was 
24 sqem, giving more hexadecanol 
surface per unit of water surface than 
the minimum requirement ::roposed by 
Mansfield (2), which was 1! unit of 
hexadecanol surface per 1,000 units of 
water surface. The composition of 
substrates studied is shown in Table 1. 

Inlet air for the units was passed 
through a series of three carbon dioxide 
scrubbers consisting of a dry soda lime 
tube and solutions of sodium hydroxide 
and barium hydroxide. The scrubbed 
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air was split into equal portions and 
introduced into each unit approximately 
4 in. below the liquid surface, at the 
rate of approximately 90 bubbles per 
minute. 

Exit air from each unit passed 
through three barium hydroxide scrub- 
bers in series. The first of the three 
units was titrated daily and the carbon 
dioxide production was estimated from 
the difference between initial and final 
titrations of the alkali. A fresh ab- 
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the oxidation period, material such as 
biological growth and silt became at- 
tached to the pellets. Hexadecanol was 
separated by extracting the total re- 
sidual mass several times with warmed 
methyl alcohol, filtration of the extract- 
ing solvent, and evaporation in a tared 
flask ; it was then weighed. The iden- 
tity of the recovered fraction was con- 
firmed, and the degree of purity esti- 
mated by means of its infrared absorp- 
tion properties. 


TABLE 1 


Substrates Investigated 


Composition 


Temperature 


50 per cent Ohio River water 


for BOD dilution watert 


37.5 per cent substrate No. 1* by volume 
62.5 per cent BOD dilution water 


50 per cent BOD dilution water 


Substrate No. 4 with twice the mineral supplements suggested 


2 per cent settled domestic sewage in BOD dilution water 20 


20 


20 


Water obtained from a stock pond near San Antonio, Texast 20 


22-25 


* Substrate aerated with hexadecanol pellets for 20 days. Hexadecanol removed and stored an additional 28 


days before test on Substrate No. 2. 


t Test started approximately 10 days after sampling. 
t Test started approximately 40 days after sampling. 


sorber was inserted last in the line 
whenever one was removed for titra- 
tion. The second and third gas wash- 
ers were used in case carbon dioxide 
production exceeded the capacity of the 
first gas washer. The difference be- 
tween the carbon dioxide recovered 
from the control unit and that from 
the hexadecanol unit was attributed to 
biochemical oxidation of the hexadeca- 
nol film or pellets. 

Initial weight of hexadecanol * was 
obtained by direct weighing. During 

* Catalog No. 2602, a product of Olin 
Mathieson Chemical Corp., Baltimore, Md. 


Portions of the liquid substrate re- 
maining were acidified and extracted 
with carbon tetrachloride to determine 
the type and amount of extractable 
components. This also was estimated 
on the basis of infrared absorption (8). 
Biological growth in both the control 
and hexadecanol units were qualita- 
tively compared at the end of the oxida- 
tion period. 

Light was excluded from all units ex- 
cept during manipulation to minimize 
algal growth. The stoichiometric ratio 
of hexadecanol to the carbon dioxide 
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produced by its complete oxidation was 
1:2.91 by weight. 

During experimental runs no agita- 
tion was provided other than the low- 
rate air flow. No attempt was made 
to evaluate the evaporation control 
qualities of the hexadecanol film. 


Experimental Precautions 


Air flow rate division between the 
control and hexadecanol units required 
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runs illustrated in Fig. 1 and 2. An 
empty basket was inserted in the con- 
trol and the pellets were contained by 
the other. The two control curves sug- 
gest that some oxidizable material was 
leaching from the screen, float, or both. 
Use of the baskets was omitted after a 
small but measurable weight loss by the 
baskets during oxidation was noted. 
As the baskets in both units were com- 
parable in material and mass, the rela- 
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Carbon Dioxide Production With Substrate No. 1 


Substrate used in this test contained 2 per cent sewage. This 


shows the comparative CO: production between the solution 
containing hexadecanol and the control unit, along with the cu- 
mulative difference between the control and hexadecanol units 


frequent adjustment. Unless the rates 
compared within + 20 per cent, the 
higher aeration rate invariably was de- 
tectable by a greater short-time transfer 
of carbon dioxide from the substrate. 
Fortunately, adjustment of the rate 
would restore the amount of carbon 
dioxide retained in the paired units to 
equivalent values within 1 to 2 days. 

Some difficulty was experienced 
when baskets made of plastic screen 
with styrene foam floats were used to 
contain the hexadecanol during the test 


attributable to hexadecanol decomposition (differential). 


tion between the differential carbon 
dioxide and hexadecanol assimilation 
should not have been affected. 


CO, Production 


Curves showing the carbon dioxide 
produced in the control and hexadeca- 
nol units are presented for the various 
substrates in Fig. 1-5. Curves show- 
ing the cumulative differences attribu- 
table to hexadecanol decomposition are 
also presented on each chart. 


| 
| 
| 
300 
} | } | 
BeBe | | | 
a 


852 


In Fig. 1 (Substrate No. 1 in Table 
1), accelerating production of carbon 
dioxide until an air failure occurred on 
the seventeenth day is shown. In the 
sewage-contaminated water the results 
indicate a relatively short life for a 
given monolayer. There also appeared 
to be some biological selection or ac- 
climatization which increased the hexa- 
decanol consumption rate with time 
during the observed interval. 
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duction in assimilation rate during the 
observation period. 

With Ohio River water seed shown 
in Fig. 3 (Substrate No. 3 in Table 1), 
a definite lag in the carbon dioxide dif- 
ferential followed by a marked increase 
was indicated. The high daily differ- 
ential failed to be maintained. By the 
end of the second week the daily differ- 
ential was steadily decreasing, as if 
hexadecanol availability were seriously 
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Fig. 2. Carbon Dioxide Production With Substrate No. 2 


Substrate used in this test was stabilized sewage dilution from 
the hexadecanol solution represented in Fig. 1, following re- 
moval of hexadecanol and storage for 28 days. 


In Fig. 2 (Substrate No. 2 in Table 
1), a short lag followed by a slowly 
accelerating differential for about 2 
weeks is shown. Following this the 
daily differential decreased in magni- 
tude. Prior to stabilization a portion 
of this medium has demonstrated rapid 
assimilation of hexadecanol as Sub- 
strate No. 1. Storage apparently modi- 
fied the growth-supporting characteris- 
tics of this substrate, so that the rate 
of assimilation of hexadecanol was re- 
duced. There also was a further re- 


limited. On the twenty-first day, fresh 
pellets were added to the hexadecanol 
unit. Once more the daily differential 
increased for a short time (shown in 
Fig. 6). Apparently surface fouling of 
the pellets had some influence on the 
rate of assimilation of hexadecanol. 
The data in Fig. 4 (Substrate No. 4 
in Table 1) on the water obtained from 
a Texas pond presents a radically dif- 
ferent pattern. Very little carbon di- 
oxide was produced and the differential 
showed little hexadecanol assimilation. 
The chemical oxygen demand from di- 
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chromate (7) indicated that this water 
had a_ substantial oxygen demand 
(chemical oxygen demand approxi- 
mately 70). A check of the nitrogen 
and phosphorus content indicated that 
both were limiting factors in biological 
activity. Following their addition on 
the twentieth day an increase in carbon 
dioxide production occurred but the as- 
similation of hexadecanol remained 
relatively low and variable. 

In Fig. 5 (Substrate No. 5 in Table 
1) results of tests made on the same 
water as that used in the Fig. 4 experi- 
ment are shown. Mineral supplements 
at double the concentrations recom- 
mended for BOD dilutions (7) were 
added before starting oxidation. Im- 
mediate production of carbon dioxide 
in both control and hexadecanol units 
occurred. For undetermined reasons 
No. 5 control lagged in the oxidation 
rate for a few days. The resulting 
hump in the differential curve could not 
be attributed solely to hexadecanol as- 
similation. After a few days the two 
units assumed more typical behavior. 
The higher temperature of oxidation 
resulted in somewhat more controlled 
carbon dioxide production than in the 
corresponding control charted in Fig. 
4. The differential was also greater 
than in Fig. 4. 

Nitrogen additions to the tests illus- 
trated in Fig. 4 and 5 were apparently 
insufficient. No ammonia remained 
after oxidation was stopped. Organic 
nitrogen was lower than anticipated. 
Nitrous and nitric nitrogen were un- 
determined. Inability to obtain repro- 
ducible values on the BOD test of this 
water suggested inhibition beyond that 
attributable to a deficiency of nitrogen 
and phosphorus. 


Pellet Surface Condition 


In most oxidation tests the pellet sur- 
faces were coated with filamentous ma- 
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terial after a few days. The informa- 
tion charted in Fig. 6 was derived from 
that reported in Fig. 1, 2, and 3, but 
the curves represent the sum of 3-day 
carbon dioxide differentials arranged 
consecutively. With Substrate No. 1 
(2 per cent sewage) accelerating as- 
similation of hexadecanol until air fail- 
ure terminated the test was shown. 
This system showed relatively little ac- 
cumulation of filamentous material on 
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Fig. 3. Carbon Dioxide Production With 
Substrate No. 3 


Substrate in this test was 50 per cent 

Ohio River water. To be noticed is the 

initial lag in the differential followed by 

a great increase in it. When the differ- 

ence again decreased, fresh pellets were 
added. 


pellet surfaces. With Substrate No. 2 
(stabilized sewage) a gradual increase 
in differential followed by a falling por- 
tion of the curve was indicated. Fila- 
mentous material was quite noticeable 
on pellet surfaces during the later 
stages. The hexadecanol pellets used 
with Substrate No. 3 had more fila- 
mentous growth than those in any of 
the remaining oxidation units. A fairly 
rapid rise in the differential was fol- 
lowed by an equally rapid decrease. 


A 
e 
n 
e : 
f 


854 


After addition of new hexadecanol pel- 
lets on the twenty-first day, another 
increase was noted but not as great as 
before. The new pellets were quickly 
covered with the same type of growth 
as those added initially. 


Biological Conditions 


Both units of each substrate were 
checked for the type and variety of or- 
ganisms present at the end of a series 
of observations. The hexadecanol pel- 
let surface, the sludge, and the growth 
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microorganisms. There was a visually 
noticeable increase in relative numbers 
in the units containing hexadecanol as 
manifested by an increase in turbidity. 
Obvious growth was also apparent on 
and around the pellets and air inlet tube 
surfaces in hexadecanol units. 
Substrate No. 1 showed a predomi- 
nance of bacteria and protozoa. The 
remaining units contained primarily 
bacteria and fungi. The fungi were 
dominant in most units wherever they 
had an opportunity to become attached ; 
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Fig. 4. Carbon Dioxide Production With Substrate No. 4 


Substrate in this test was water from a Texas pond. On the 
twentieth day (Point a) nitrogen, phosphorus, and potassium 
were added to both units. 


on the sides and surface of the con- 
tainer were examined. Quantitative 
measurements or species identifications 
were not attempted, thus the results 
report only the impressions obtained 
from direct microscopic examination by 
experienced observers. 

Qualitatively, there was no evident 
difference between the types of organ- 
isms found in the control and the cor- 
responding hexadecanol unit. Each 
unit contained a mixed population of 


bacteria were more generally dispersed. 
Substrate No. 3 showed an exception- 
ally large proportion of fungi with more 
biological material than any other sub- 
strate. A photomicrograph of growth 
found near the hexadecanol pellets used 
with Substrate No. 3 is shown in Fig. 
7. The substrate from the Texas stock 
pond also produced a high proportion 
of fungi. 

Fungal growth may be the cause of 
the irregular results charted in Fig. 6. 
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Substrate No. 1 did not show signifi- 
cant numbers of fungi but did support 
the highest rate of assimilation. In the 
later stages of oxidation, Substrates 
No. 2 and 3 showed decreased hexa- 
decanol usage which coincides with a 
high degree of accumulation of fila- 
mentous material on the pellet surfaces. 
The pellet surface represented less than 
1 per cent of the water surface area on 
which the monolayer could be formed ; 
it is likely that the reduced hexadecanol 
assimilation was associated with limited 
availability because the mat of fungi re- 
duced the surface coverage obtained. 


Weights and Balances 


Table 2 shows hexadecanol weight 
loss during oxidation and an estimate 
of the fate of this material. Residues 
at the end of all observations (85-94 
per cent of the applied material) were 
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Fig. 5. Carbon Dioxide Production With 
Substrate No. 5 


Substrate in this test was water from a 
Texas pond. 


40} 
w 
30} 
£3 
me T 
A 10 


Days at 20° C 


Fig. 6. Carbon Dioxide Differential in Three Substrates 


Curve A represents Substrate No. 1; Curve B, Substrate No. 
2; and Curve C, Substrate No. 3. At Point a on Curve C, 


ample to maintain a continuous film 
assuming no change in spreading 
tendencies. 

Methyl alcohol extraction provided a 
simple and effective method of purifica- 
tion of residual hexadecanol, so that a 
reliable final weight was obtained. 


hexadecanol was added. 


Traces of oxidation products were evi- 
dent in the infrared curve of the ex- 
tract, but there were no significant dif- 
ferences from the curve of fresh 
hexadecanol. 

The amount of methy] alcohol insolu- 
ble material separated from the residual 
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hexadecanol varied from 1.3 to 7.5 per 
cent by weight. On the first of serial 
extractions this substance had the ap- 
pearance of a gelatinous sheath entirely 
surrounding the pellet. Later the en- 
velope broke into flaky particles that 
could readily be filtered from the ex- 
tract. Microscopic observations gener- 
ally revealed both fibrous and amor- 
phous solids. This material tended to 
act as a binder between grouped pel- 
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represented 7 per cent or less of the 
weight loss of hexadecanol in the re- 
spective systems. Extracts of the sub- 
strate did not show a detectable amount 
of hexadecanol by infrared examina- 
tion. Organic acids and esters were 
the major components. Otherwise un- 
accounted for material is believed to be 
represented largely by biological sub- 
stance produced by metabolism of the 
hexadecanol. 


TABLE 2 


Data on Hexadecanol Oxidation 


Substrate 


Recorded Observations 


Hexadecanol initial weight—g 
Residual pellets, final weight—gt 
Hexadecanol, final weight—g 
Hexadecanol oxidized or lost 
Hexadecanol oxidized or lost 
Pellet insoluble material—g 
Pellet insoluble material—% 
Time interval—days 
CO, equivalent of hexadecanol loss—mg 
Differential CO. found—mg 
Hexadecanol loss recovered as CO,—% 
Hexadecanol loss recovered as substrate 
extract (differential)—% 
Other hexadecanol loss—% 


g 


0.5826 


1 


* Test began with 0.4415 g hexadecanol pellets. On the twenty-first day, an additional 0.1991 g was added. 


Tt Residual pellet weight included hexadecanol, silt, biological materials and other attached substances. 


lets, so that they frequently were ce- 
mented into a solid mass. 

In all test substrates, carbon dioxide 
amounting to 77 per cent or more of 
that calculated from the hexadecanol 
consumption was obtained, demonstrat- 
ing that the hexadecanol loss was pri- 
marily due to oxidation. 

The percentage of extractable mate- 
rial in the substrate was low in all units. 
The results indicate little hexadecanol 
loss from the pellets by solution or me- 
chanical attrition under test conditions. 
The difference in extractable material 
in the control and hexadecanol units 


Discussion 


Table 3 shows the amount of hexa- 
decanol loss obtained from the data on 
carbon dioxide production. Use of the 
carbon dioxide data for approximating 
the equivalent hexadecanol consump- 
tion results in lower than actual values 
since mechanical attrition, adsorption 
on solid surfaces, and synthesis of cell 
material were not included. 

Lag periods sometimes developed so 
that little differential was obtained at 
the start of an experiment. The dura- 
tion of the lag is given in a footnote to 
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Table 3, and the table itself reports 
results of behavior subsequent to the 
lag period. Each of the periods repre- 
sents a measurable assimilation of 
hexadecanol ranging in weekly rate 
from 3.3 to 0.25 lb per acre. 

The rate of destruction of hexadeca- 
nol observed in different substrates has 
been highly variable, and it is believed 
that further investigation would only 
tend to extend the range of behavior 
noted. Older, more stabilized sub- 
strates have supported a lower rate of 
hexadecanol assimilation. Seed organ- 
isms which use the chemical are ex- 
tremely common. 


TABLE 3 


CO, Production in Term of Hexadecanol Loss 


CO: Equivalent of Hexadecanol 
lb per acre per week 
| 
Period 
consecutive 
week* 


Substrate 


| | 
1 1.05 | 0.8 7) = 
2 2.90 | 1.25 1.58 | 0.59 | 1.04 
3 3.33 | 1.01 | 0.79 | 0.27 | 0.96 
4 |} — | 0.80 1.07 1.05 - 
5 — 


* The estimated lag was 4 days for Substrate No. 2, 
2 for Substrate No. 3, and 6 for Substrate No. 4. 


Effects of algal growth in substrates 
on hexadecanol consumption have been 
carefully excluded from these experi- 
ments by light control to permit follow- 
ing metabolism of the hexadecanol on 
the basis of differential carbon dioxide 
production. In field use of hexadeca- 
nol, algal growth might well occur, and 
the production of carbon dioxide as the 
result of hexadecanol metabolism could 
promote such growth. It is believed 
that algal effects are best evaluated in 
field trials. Other and important field 
factors not contemplated include the ef- 
fect of wind and wave action and the 
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effect of soil in reservoir banks and 
bottoms. 

This study has sought to limit itself 
to determining whether the hexadeca- 
nol is subject to biological assimilation, 
to get some idea of the variables in- 
volved, and to approximate the rates at 
which the chemical might be consumed. 
One factor of interest which has not 
been investigated is the effect of water 
temperature on the rate of alcohol as- 


Hexadecanol Pellets 


similation. Only speculation can be 
offered, but higher hexadecanol con- 
sumption would be expected at the 
higher temperatures of use. 

In the laboratory studies, there have 
been indications that some types of 
growth may tend to encapsulate the 
hexadecanol source, preventing it from 
spreading, and thus conserve the chemi- 
cal at the expense of maintaining the 
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desired film. The more vigorous me- 
chanical agitation of field use might 
overcome this tendency; the data pre- 
sented do not pretend to consider this 
question. 

The results reported show that bio- 
logical activity cannot be neglected in 
consideration of hexadecanol use. Loss 
of material, reduced spreading effi- 
ciency, and possible impairment of film 
efficiency by contamination of the 
monolayer (5) may be related to micro- 
biological action. Realistic estimates of 
hexadecanol consumption and film effi- 
ciency must result from careful field 
study. This work has served only to 
single out biological assimilation of 
hexadecanol as a factor which has not 
previously received due recognition in 
consideration of films for evaporation 
suppression. 


Conclusions 
The following conclusions are drawn 


from the tests made: 

1. Biological destruction of a hexa- 
decanol monolayer resulted in measura- 
ble consumption of the material with all 
substrates tested. The amount is large 
enough so that it should be considered 
in the economics of use. 

2. The rate of oxidation varied with 
the type of substrate, the variety and 
type of organisms, and the age of the 
oxidation system. 

3. Formation of a mat of biological 
material containing a high proportion 
of fungi on the hexadecanol pellets af- 
fected the assimilation rate and may 
have affected film continuity. 

4. There appeared to be relatively 
little buildup of extractable organic 
material in the substrate as a result of 
hexadecanol decomposition. 
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Financing Water Works Improvements 
in Michigan 
Panel Discussion 


A panel discussion presented on Sep. 13, 1956, at the Michigan Section 


Meeting, Kalamazoo, Mich. It may be pointed out that a number of 
statements included in this discussion are not in strict accord with the 
Association’s committee reports on water main extension policy. The 
ideas presented here will be valuable, however, in stimulating the think- 
ing of Journal readers on a subject to which too much thought cannot 


be devoted. 


Donald C. Egbert 


Engr. Mgr., Southeastern Oakland County 
Water Authority, Royal Oak, Mich. 


IRMINGHAM, Mich., has grown 

in population from approximately 
15,000 in 1950 to approximately 23,000 
in 1956. The city experienced a rapid 
growth in the late 1920’s and early 
1930’s, followed by a very moderate 
growth until 1949. 

The source of water supply was, until 
recently, underground water-bearing 
formations. The cost of developing wa- 
ter resources was thus much less than 
in many other cities. 

The early problems in the creation 
of water facilities were primarily a re- 
sult of the lack of proper consulting 
engineering services. Since the early 
1920’s, however, the system has been 
carefully designed and a logical pro- 
gram of development has been fol- 
lowed. There have, therefore, been 30 
years of development in conformity 
with an adequate plan. 

The financing of a water system in a 
developing city requires careful plan- 
ning and a willingness to establish rates 
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which will form a sound basis for the 
issuance of revenue bonds. The de- 
velopment of the system should, for the 
most part, be financed by a combina- 
tion of special assessments, general ob- 
ligation bonds, and revenue bonds in 
order to secure equity between the cur- 
rent user and the owner of undeveloped 
property. 

Financing has been made more dif- 
ficult in Michigan as a result of the 
widespread defaults which occurred in 
the early 1930’s. The legislature and 
the Municipal Finance Commission 
have created laws and _ regulations 
which currently provide for the issu- 
ance of sound securities by the munici- 
palities. Revenue bonds, particularly 
for water facilities, are readily salable 
on the market, and they have, at times, 
been known to receive a higher rating 
than general-obligation bonds in the 
same municipality. This has been 
brought about by careful operation of 
the water facility and general accep- 
tance of the water revenue bonds by 
the bond-buying public. 

The problems involved in providing 
an adequate water supply for a develop- 
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ing city will thus be largely elimi- 
nated if: [1] an adequate plan to meet 
future needs for the community is de- 
veloped ; [2] competent advice relating 
to financing problems is secured; and 
[3] the utility is operated as such, re- 
sisting any efforts to divert revenue to 
uses other than those in the water de- 
partment, and establishing rates suf- 
ficient to create adequate reserves and 
a revenue base to allow for future 
expansion. 

A major problem involved in provid- 
ing water to cities is that of meeting 
sprinkling load requirements. Prop- 
erty values in many communities are 
greatly dependent on the attractiveness 
of the area as a place of residence. The 
proper care of lawns and landscaped 
areas is a factor which helps create this 
desirable environment. The develop- 


ment of adequate storage facilities, 
which has been found to be the best 
method of meeting sprinkling loads, is 


thus of obvious importance to the 
citizen. 

Although public officials are seldom 
critized for the overexpansion of water 
facilities, citizens are generally prompt 
to level criticism as soon as any in- 
adequacy in the water supply is ap- 
parent. Public officials often have the 
ability to sell a sound program for de- 
velopment for any water system to the 
electorate, provided that the project is 
well conceived, the distribution of costs 
is equitable, and the electorate can be 
furnished accurate and clear answers to 
its questions. 

Such a program might involve of- 
ficials in some rather heated political 
battles, but experience indicates that, 
if the proper and complete facts are 
presented to the electorate, the program 
will receive its support. 
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John D. Harrison 


Builder, Builders Association of Metro- 
politan Detroit, Birmingham, Mich. 


In the decade since World War II, 
nearly 10,000,000 new dwelling units 
have been built for Americans—pro- 
viding more than 10,000,000 man-years 
of work directly on the job and millions 
more in factories, and adding approxi- 
mately 100 billions to national produc- 
tion. These are immense figures which 
are almost too large to grasp. If the 
new units were placed end-to-end, each 
on a 60-ft lot, a band stretching across 
the United States more than 35 times 
would be formed. 

The population has also greatly in- 
creased. In 1956, there were 4,100,000 
live births, or more than 11,000 babies 
born every day of the year. In the 
1940-50 decade, the United States 
population increased 14.5 per cent— 
13.9 per cent in the cities proper and 
almost 35 per cent in the suburban area. 
The so-called “rural rings” of the sub- 
urban areas grew much faster (ap- 
proximately a 40-per cent increase) 
than the suburban areas themselves. 
Less than one-tenth of the 1940 popu- 
lation lived in the rural rings; by 1950, 
more than one-quarter lived there. 
The total population of the United 
States today is 166,000,000. It will be 
193,000,000 by 1965 and 228,000,000 
by 1975. 


Detroit Growth 


In the Detroit region of Michigan, 
building permits for 215,944 new resi- 
dential units have been issued since 
1950. This amounts to living space for 
756,000 people, or more than enough 
room to house the 1950 population of 
Pittsburgh, and almost enough to house 
all the 1950 residents of San Francisco. 
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Employment in construction has, of 
course, also increased. In 1950, 47,000 
persons were employed in construction 
work in the Detroit area; in 1955, 59,- 
000 were employed. 

In Detroit, Hamtramck, Highland 
Park, Ferndale, Dearborn, Ecorse, and 
River Rouge 15,756 new homes, or 36 
per cent of the region’s total of 43,975, 
were built in 1950. In 1955, however, 
only 2,463, or 6 per cent of the region’s 
total of 39,953, were built. Less space 
available for residential construction in 
the cities proper has caused the drop in 
home building. Vacant lots no longer 
exist in cities as they once did. The 
future growth of the Detroit region will 
thus take place in the townships which 
today are regarded almost as rural 
areas. 

In the 1950-55 period, the Detroit 
region population increase was larger 
than the total 1900 population of the 
same region (439,368). This growth 
will continue, especially after 1960 
when the effects of the 1940’s birth 
rate boom will be reflected in more mar- 
riages, babies, and demands for new 
homes. Accomodation for this in- 
creased population will have to be 
found in the suburbs and the rural 
townships—the so-called “cow  pas- 
tures.” 

The Detroit Regional Planning Com- 
mission has predicted that Macomb 
County will increase from 280,000 in 
1955 to 371,000 in 1960. Occupied 
dwelling units will rise from 79,000 in 
1955 to 103,000 in 1960. In Oakland 
County, the population will increase 
from 542,000 in 1955 to 685,000 in 
1960, and the number of occupied units 
will increase from 156,000 to 195,000 
for the same period. In Wayne 
County, there will be an increase from 


2,693,000 in 1955 to 2,904,000 in 1960, 
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and the 767,000 occupied dwelling 
units in 1955 will have risen to 822,000 
in 1960. 

The regional planning commission 
also predicts that in the Detroit region 
as a whole, which includes Macomb, 
Oakland, and Wayne counties as well 
as five easterly townships in Wash- 
tenaw, the 1955 population of 3,564,000 
will increase to 4,017,000 in 1960, and 
the number of occupied dwelling units 
from 1,000,000 to 1,136,000 units. 


Effects of Growth 


More people, of course, mean more 
water. In pioneer days, a newcomer’s 
neighbors helped him “raise the ridge.” 
They bent their backs to help him put 
his ridge pole in place for the roof that 
would shelter his family. Today, the 
economy of the community should be 
extended in the same manner, because 
it is traditionally American to help 
neighbors and to live in a cooperative 
rather than in a narrow and selfish 
spirit. Although new services should 
certainly be financed by the home own- 
ers and builders, any excess, such as a 
feeder or trunk line, should be paid for 
by the community at large. The very 
life of industry and commerce depends 
upon an adequate labor supply, which 
in turn needs homes in which to live. 
The use of taxes from industry and 
commerce for the building of water 
plants and trunk mains is thus as 
reasonable and logical as their use for 
the support of education. To charge 
the automobile industry a special fee 
for each car sold to pay for highway 
construction, police protection, and so 
on, would be as unreasonable as to 
charge the home builder or the new 
home buyer with the cost of an ex- 
cessive share of water facilities. Taxes 
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on the property on which the new house 
is being built are, furthermore, fre- 
quently used for the support of the 
water system, even though no benefit 
accrued to the property while it was 
vacant. 

The new home buyer, or his agent, 
the builder, should not be expected to 
pay a proportionate share of the capi- 
talized value of the existing water fa- 
cilities because : 

1. The rate structure for water con- 
sumed should include maintenance and 
debt service costs, so that each new 
house owner participates in a fair pro- 
portion of these obligations as soon as 
he starts to receive any benefits—in 
this instance, water. 

2. The financing of most municipal 
facilities is by long-term bond issues, 
and the facilities are usually depreci- 
ated so that no book value remains 
when the bonds are paid off. To 
charge for such facilities beyond the 
properly established rate structure 
would be to exact a payment from the 
new home owner for something already 
paid for, and for which full value has 
been received. 

3. The enlargement of sources of 
supply and treatment plants and the 
strengthening of distribution systems 
benefit both new and old customers. 
Additional trunks and loops improve 
the grid, furnish increased pressure 
and better fire protection, and elimi- 
nate dead-end lines. Additional trans- 
mission lines and sources of supply are 
vital insurance when main breaks oc- 
cur or major transmission repairs and 
maintenance must be carried out. The 
expenses incurred in strengthening sys- 
tems, moreover, would be too great to 
be assumed by builders and new home 
owners. After all, it is the pressure of 
increasing population—not new home- 
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building—which makes inevitable the 
expansion of the suburban community. 


John E. Vogt 


San. Engr., Div. of Eng., State Dept. of 
Health, Lansing, Mich. 


With the increase in per capita con- 
sumption of water over the past few 
years, it has been well established that 
most water supply systems require ex- 
pansion of the source, storage, or dis- 
tribution, or a combination of all three. 
Although engineering solutions are 
generally forthcoming, financing is a 
more difficult matter. 


Basic Financing Methods 


The most familiar method of financ- 
ing is the general-obligation bond, in 
which the full faith and credit of the 
municipality is pledged to retire the in- 
debtedness. In Michigan villages and 
home rule cities, the amount of the 
bond issue is limited to 10 per cent of 
the assessed valuation of real and per- 
sonal property. In fourth class cities, 
this limitation is 5 per cent of the as- 
sessed valuation. In all instances, the 
question must be voted on favorably by 
a two-thirds margin. One of the prob- 
lems in using this means of financing 
is that a sizable water project can very 
easily exhaust a municipality’s general- 
obligation bonding power, thereby leav- 
ing nothing for the many other needs 
of the community. 

Another basic form of financing is 
by special assessment. When employ- 
ing this method, owners of the land 
(usually 65 per cent) in the proposed 
district must petition the governmental 
unit to install the water works im- 
provements; costs are then assessed 
proportionately against properties in 
the district. Various limitations are 
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imposed on the total amount which 
may be assessed annually, depending 
upon the unit of government and the 
number of years for which the assess- 
ment is to run. As a result of these 
limitations, special-assessment bond is- 
sues are not too salable on the bond 
market. 

Another basic financing method is 
the use of the so-called revenue bond. 
These bonds are retired solely from 
revenues derived from operating the 
water system. No formal initiating 
action on the part of the people is re- 
quired to sell a revenue issue. The 
governing body of the public corpora- 
tion takes action on its own favorable 
vote to issue revenue bonds. Public 
corporations defined under the act 
which governs the sale of these bonds 
(1) include counties, cities, villages, 
townships, metropolitan districts, or 
any combination of these. There is a 
provision, however, that, if within 30 
days following enactment of the bond 
ordinance, a petition opposed to it 
signed by 10 per cent of the registered 
electors is received, a referendum must 
be held on the question. The act does 
not limit the amount of bonds which 
can be sold, although, in practice, it is 
the amount which the city is able to 
market, or, in other words, the amount 
it is able to convince the bond-buying 
fraternity can be reasonably repaid. 
An additional control is the necessary 
approval of the ordinance by the Michi- 
gan Municipal Finance Commission, 
before bonds can be sold. 


Township Financing 


The uses and applications of the three 
basic methods of financing water proj- 
ects in Michigan are varied. The origi- 
nal Township Improvement Act (2), 
which has been amended several times, 
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authorizes townships and incorporated 
villages to purchase, construct, and ex- 
tend water supply systems. Such a 
system operates under the control of a 
board of five commissioners who are 
residents of the water district and who 
are elected for staggered terms at the 
annual election. Financing of systems 
under this act is by the use of special 
assessments. The assessments may be 
spread over 40 years for initial pur- 
chase or construction of systems. For 
extensions to the system, however, 
there is a limit of 20 years. 

Townships may also contract with 
cities or villages to have water fur- 
nished under an act (3) which pro- 
vides merely for constructing water 
mains and buying the water. It re- 
quires a petition by 60 per cent of the 
recorded owners of the land. Financ- 
ing is by a combination of general fund 
moneys and special assessments. Not 
more than 50 per cent of the cost of 
the distribution system can be paid out 
of the contingent fund of the township. 
If there are not sufficient moneys avail- 
able, the amount may be raised by 
taxes in 1 year or spread for 10 years 
as a special assessment. The remain- 
ing 50 per cent is to be raised by spe- 
cial assessment. 

Two other methods are available to 
townships desirous of entering the wa- 
ter business individually. Under a 
1941 act (4), a township board may 
contract with any agency operating a 
water department to extend service into 
the township with continued operation 
either by the agency or the township. 
Payment for the cost of the system is 
through special assessment. Such as- 
sessment district may be created by a 
petition from the owners of only 51 per 
cent by area of the land in the district. 
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Assessments may be spread over 10 
years. 

Under another 1941 act (5), the 
township may also contract with an- 
other agency for water and construct 
its own distribution system upon peti- 
tion of owners of 60 per cent of the 
land. Not more than 50 per cent of 
the cost comes out of the contingent 
fund of the township, and the remain- 
ing 50 per cent is raised by voluntary 
payment on the part of the property 
owners in the district. Failure to raise 
the needed money on voluntary sub- 
scription by a certain date invalidates 
the project. 

A number of townships in Michigan 
are operating water supply systems 
under the provisions of one of the acts 
already mentioned. 

Under the Metropolitan District Act 
(6), two or more cities, villages, or 
townships, may combine to install a 
water supply system. Such a district 


operates under a charter which pro- 
vides for the administrative control of 


the district. The district may use 
several means for financing its opera- 
tion, including an annual tax not to 
exceed 0.5 per cent of the assessed 
valuation of the property, the issuance 
of mortgage and revenue bonds, and the 
creation of a special-assessment district. 
A number of such districts have been 
formed along the Saginaw—Midland 
pipeline. The Beecher District north 
of Flint, Mich., has also been operating 
under this act. 


County Financing 


The act commonly referred to as the 
“county plan” (7) applies to all coun- 
ties in the state and permits the board 
of supervisors to authorize the estab- 
lishment of a water system between 
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cities, villages, and townships within 
the county. Operating authority is 
vested in the county road commis- 
sioner, the county drain commissioner, 
or a committtee of three members from 
the board of supervisors. To obtain 
funds for such improvements, the 
county may issue its negotiable bonds 
secured by the full faith and credit of 
the contracting municipalities, or it 
may issue revenue bonds in accordance 
with the Revenue Bond Act (7). Pro- 
visions for the municipalities to raise 
funds to pay their pledged share of the 
cost of the facilities are many. They 
include: [1] a tax levied on all taxable 
property in the city, village, or town- 
ship, which is not subject to any char- 
ter or statutory tax limitation; [2] 
special assessments levied on benefited 
property; [3] rates or charges to users 
and beneficiaries of the water system; 
[4] money returned by the state from 
state taxes, with the exception of cer- 
tain earmarked moneys; and [5] any 
other fund which may be validly used 
for this purpose. Wayne County is 
operating its water supply system 
under the provisions of this act. The 
operating authority there is vested in 
the county road commissioner. 


Water Authorities 


In 1952, an act (8) was passed au- 
thorizing the formation of water au- 
thorities. This act authorizes the in- 
corporation of any two or more cities, 
villages, or townships, or combination 
of them, to acquire, own, and operate a 
water supply system. For the purpose 
of acquiring, extending, and operating 
such a water supply system, self-liqui- 
dating revenue bonds may be issued 
in accordance with the Revenue Bond 
Act. The authority can then contract 
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for the sale of water to its constituent 
municipalities. Each city, village, or 
township, which is a part of the au- 
thority, is authorized to raise by tax, 
or pay from its general funds, moneys 
required by the terms of the contract 
for services rendered. 

The Southeastern Oakland County 
Water Authority is organized under 
this act; the authority buys water from 
Detroit and distributes to Royal Oak, 
Birmingham, Berkley, Huntington 
Woods, Pleasant Ridge, Clawson, and 
the Township of Southfield. In other 
words, the authority acts as a distribu- 
tor, buying the water wholesale, so to 
speak, and then distributing to its cus- 
tomers, the constituent municipalities. 
The authority assumes responsibility 
for the details of financing, thereby re- 
lieving each municipality of going 
through this matter individually, and 
it is necessary for the municipalities 
merely to establish their rate schedules 
to meet their obligations to the authority 
and cover their own costs of operation. 

During the 1955 legislative session, 
another water authority act (9) broader 
in its scope, was passed, authorizing 
two or more counties and charter town- 
ships in addition to cities, villages, and 
townships, to incorporate as an au- 
thority for the purpose of acquiring, 
owning, improving, extending, and 
operating a water supply system. The 
act provides that bonds which are se- 
cured by the full faith and credit pledges 
of each constituent municipality may be 
issued by the authority. One of the im- 
portant features of this act is the flexi- 
bility provided to the constituent mu- 
nicipalities for payment of their pledges. 
Five methods are authorized: [1] 
spreading the full amount on the tax 
roll with the provision that no limita- 
tion in any statute or charter shall pre- 
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vent the levy and collection of this tax ; 
[2] the levy of special assessments on 
property benefited; [3] revenues de- 
rived from operating the utility; [4] 
tax moneys returned from the state; 
and [5] any other funds which may be 
validly used for this purpose. To date, 
Oakland and Macomb counties, and 
Kent and Ottawa counties have organ- 
ized to form authorities under this act. 


Recent Action 


The most recent method of financ- 
ing water projects was passed at the 
1956 session of the legislature (10) to 
broaden the powers and duties of the 
Water Resources Commission. The 
act authorizes the commission to estab- 
lish water supply districts if they are 
needed and a petition is received from 
the people in the proposed district. 
Money for acquiring a water system is 
raised by the district through the is- 
suance of revenue bonds. The con- 
tracting municipalities in turn raise 
money to pay the district for its serv- 
ices, using substantially the same five 
methods provided for in the water au- 
thority act of 1955. 

There is currently some interest in 
private water companies that are fur- 
nishing water to municipalities. | Dur- 
ing the extra session of the 1956 legis- 
lature, a bill was passed authorizing 
townships to enter into contracts with 
private corporations to furnish water 
to the township. Such corporations 
may take water from any of the Great 
Lakes and from Lake St. Clair or 
waters connected or flowing into the 
same. 

It is quite evident, even from this 
brief summary, that there are many 
legal means now available for financing 
needed water projects in Michigan. 
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Water improvements are generally 
classified as being either of community- 
wide or local nature. Main transmis- 
sion lines, storage and treatment facili- 
ties, and wells are improvements which 
benefit the whole community ; distribu- 
tion mains give only local benefits. 
Financing general or community-wide 
improvements has, in the past, given 
the most trouble, while it has usually 
been possible to finance distribution 
mains by special assessments, or, when 
new subdivisions were involved, to have 
the subdivider take action himself. 

The many methods of financing wa- 
ter improvements can be reduced, from 
the financial standpoint, to two: [1] 
the issuance of revenue bonds; and [2] 
the issuance of general-obligation or 
special-assessment bonds. 


Revenue Bonds 


Revenue bonds can be issued legally 
by an individual municipality or a com- 
bination of municipalities who have 
joined in an authority. These bonds 
pledge as security the earnings from 
the water utility to be constructed or 
to be improved. Inasmuch as these 
bonds are payable solely from special 
earnings, it is necessary to establish a 
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rate structure that will produce gross 
revenues sufficient to operate, maintain, 
and repair the utility, and to provide 
for 150 per cent of the annual debt serv- 
ice on the bonds. It can be seen that 
the feasibility of revenue financing is 
dependent upon knowing, with some 
degree of certainty, the number of cus- 
tomers actually existing and potentially 
available. The principal difficulty ex- 
perienced with revenue financing is that 
there are too few customers currently 
available, so that the feasibility of this 
method is dependent upon future 
growth. The course of future growth, 
although ascertainable from general 
population trend studies, past building 
permits, and other data available, is still 
hazardous. This has resulted in sub- 
stantially higher rates of interest on 
revenue bonds when growth is a fac- 
tor. The amount of annual water 


charges necessary to meet fixed costs 
is also a limiting factor in the use of 


revenue bonds, except when a large 
industry is involved. If the annual 
water charge is in excess of $50 per 
service, a degree of difficulty will result 
in the financing. 


Obligation and Assessment 


Another method of financing water 
improvements is by pledging the gen- 
eral taxing power of the issuing mu- 
nicipality. This consists of general- 
obligation and special-assessment bonds, 
which pledge, for their payment, the 
faith and credit of the issuer. Special- 
assessment bonds which do not make 
this pledge are generally unmarketable. 

A number of problems arise out of 
this type of financing: [1] statutory 
and charter debt limits restrict the 
amount of money that can be borrowed ; 
[2] general-obligation bonds in cities 
and villages are limited to 10 per cent 
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of the valuation, and as city or village 
charters frequently limit bonding to a 
lower figure than this, the charter must 
be amended to receive full benefit of 
the provision; [3] the amount of 
special-assessment bonds which pledge 
the faith and credit of the issuer in any 
year is limited by the Municipal Fi- 
nance Act (1) to 3 per cent of the valua- 
tion of the issuer, although bonds pledg- 
ing up to 12 per cent of the valuation 
can be authorized if the electors of the 
issuers approve; and [4] community- 
wide improvements are made especially 
difficult by special-assessment proce- 
dures, because, in effect, a great many 
small parcels of land are pledged, and 
assessments in terms of benefits to the 
particular property involved are diffi- 
cult to estimate. From the legal stand- 
point, therefore, special-assessment 
bonds have been found to be usable 
when restricted to local improvements 
such as distribution mains. 


Combined Methods 


The authority to issue general-obliga- 
tion bonds is derived directly from a 
vote of the municipal electorate. Spe- 
cial-assessment bonds, however, may be 
issued without a vote of the electors; 
they may be issued upon initiation of 
the proceedings by petition or action 
of the city or village legislative body. 

The two types of financing outlined 
have been used in various forms. They 
have been combined, for example, with 
the result that the maximum limitations 
of each have been utilized. A currently 
popular method is to use general-obli- 
gation bonds in defraying improvement 
costs, then placing the utility on a rate 
basis and using the rates to defray the 
principal and interest requirements on 
the general-obligation bonds. This 
usually permits financing at a lower 
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rate of interest, as well as somewhat 
lower rates than would be required 
under a revenue plan because no se- 
curity factor need be included in the 
rate structure. This type of financing 
has seen the most use in connection 
with court order sewer bond issues. 
Midland, Mich., and several small vil- 
lages in the state have also used the 
method for water facilities improve- 
ments. 

The basic problems in the financing 
of water improvements under the exist- 
ing law are thus: [1] the general-ob- 
ligation bonding power of many mu- 
nicipalities is not adequate to do the 
job and, furthermore, this power is 
often compromised by overlapping 
school debt, thus making it inypossible, 
or at least difficult, to market general- 
obligation bonds; and [2] where reve- 
nue bonds are concerned, there are usu- 
ally too few existing customers to pro- 
vide adequate security at reasonable 
rates. The problems of water improve- 
ments exist in the present, but the tax 
base and the customers necessary to 
finance the improvement adequately 
wili not be materialized for some years 
in the future. In many respects the 
problem is not unlike that recently 
faced by school districts in Michigan. 
The problem was resolved by passing 
a constitutional amendment which pro- 
vided, in a sense, a limited state guar- 
anty of school financing. This per- 
mitted the schools to build facilities 
which, on their present tax base, they 
could not afford and which were obvi- 
ously needed to meet conditions that 
would probably exist in the near future. 


Application of Methods 


The impact of financing problems 
has differed according to the type of 
municipality involved. In the medium 
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or large city with an existing water 
utility, sufficient general-obligation 
bonding power and a sufficient number 
of customers usually permit general- 
obligation or revenue bond financing at 
low interest costs. In the small city 
or village, the same legal tools for 
financing exist as in the larger city, but 
the tax base and the number of cus- 
tomers are insufficient to provide ade- 
quate financing. By a combination of 
revenue and general-obligation financ- 
ing, small-city problems can sometimes 
be solved. Often, however, it is simply 
impossible for the small city to acquire 
the necessary water improvements. 
This is particularly true in those com- 
munities which are making an initial 
installation of the water facilities. 
Townships, particularly those sur- 
rounding large cities, face the same 
problems as small cities and, in addi- 
tion, have inadequate legal tools with 
which to accomplish their financing. 
Townships have suffered the most 
from water improvement difficulties. 
The previous author has pointed out 
some of the methods available to town- 
ships in overcoming their difficulties. 
A practical example is afforded by 
Wayne County, where the financing of 
water improvement has been accom- 
plished under the “county plan” scheme 
(2). The county buys water from De- 
troit and transports it to the various 
township areas in the Detroit area. To 
a certain extent, this has removed the 
need for a community-wide improve- 
ment in the townships surrounding De- 
troit. A somewhat similar method 
could be used to service the townships 
surrounding all of the large cities in 
the state, either through the auspices 
of the county or through authorities 
formed under either one of the two acts 
which are presently available. 
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Recommendations 


It is obvious that the existing situa- 
tion calls for legislative changes to 
facilitate the financing of water im- 
provements. The following are pro- 
posed, without reference to political ex- 
pediency or desirability : 

1. Specific legislation authorizing 
townships to issue general-obligation 
bonds for water purposes should be en- 
acted, thus permitting, where possible, 
the acquisition and construction of de- 
sired facilities at reasonable costs and 
charges to the townships. 

2. The signature requirements in the 
acts relating to installation of water 
mains by special assessments in town- 
ships should be simplified. 

3. General-obligation water bonds 
should be authorized to be issued for 
a 40-year period. Although some dif- 
ficulty has been experienced in the sale 
of 40-year bonds, this provision, at 
least, would permit additional financing. 

4. The Revenue Bond Act should be 
amended to permit the imposition of 
charges on abutting property not con- 
nected to the water utility. This raises 
the practical problem that such charges 
would be no better than special assess- 
ment, which is not deemed adequate 
security for a bond issue. Legally, the 
imposition of such charges would have 
to be on the theory of benefits derived. 
This would mean that it would not be 
unlike a special assessment, so that it 
might become necessary, under several 
court interpretations, to proceed with 
proper special-assessment procedures. 

5. The Municipal Finance Act and 
the Revenue Bond Act (3) should be 
amended to extend the time in which 
the first bonds have to mature and to 
liberalize the ratio of prior maturities 
to subsequent maturities. This would 
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permit the borrowing of money with- 
out the heavy repayment of principal 
obligations in the early years and would 
also permit anticipation of growth be- 
yond the 5-year period now required 
under the Revenue Bond Act and the 
3-year period now required under the 
Municipal Finance Act. 

6. A state guaranty for payment of 
bonds issued for water purposes should 
be provided, which might perhaps be not 
unlike that now permitted for school 
purposes. This, of course, would per- 
mit financing without reference to ex- 
isting conditions and ability, and would 
permit taking full advantage of poten- 
tial growth factors. Such a guaranty 
would probably involve a constitutional 
amendment. 

7. The so-called 
mem”—the Michigan 


“15 mill amend- 
constitutional 


provision limiting a township’s taxing 
power—has the practical effect of lim- 
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iting any guaranty for payment of 
bonds made by townships and should 
be repealed. The repeal would render 
quite feasible all township special- 
assessment bonds and would make 
township general-obligation bonds much 
more attractive. 

8. Federal or state grants-in-aid 
should sometimes be provided, thus re- 
ducing the amounts to be raised in the 
usual manner and permitting larger 
projects than might otherwise be feasi- 
ble. Although this might eliminate 
some bonding the author feels that it 
would, in fact, provide for more bond 
issues by enlarging the number of po- 
tenial participants. 
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Applications of Submersible Pumps 


James E. Barry 


A paper presented on Mar. 21, 1957, at the Illinois Section Meeting, 
Chicago, Ill., by James E. Barry, Supt., Water Dept., Aurora, IIl. 


LTHOUGH the largest application 

of the submersible pump is in the 

deep-well field, it is not necessarily cor- 

rect to make the two synonymous, as 
many do. 

Some may feel that the submersible 
pump is a type of equipment compara- 
tively new and others may have only 
a vague realization of what it is. No 
one, probably, is aware that a pump 
and electric motor combination that 
would work beneath water was success- 
fully designed as early as 1908 and, 
more important, that wide usage of 
such a machine was achieved during the 
first World War. It is from these early 
beginnings—as early as those of the 
conventional deep-well turbine develop- 
ment—that today’s modern range (gen- 
erally 4-450 hp) of submersible equip- 
ment came. 


Early Design 


It was only logical to the early de- 
signers that the most efficient arrange- 
ment for a pump and driver was as 
close together as possible. On just 
such a design were the first patents 
taken out in 1908 on a motor that 
would operate when completely sub- 
merged. The windings of this motor 
were sealed off from the water by in- 
sulation on the windings themselves. 
The motor was large and bulky and left 
a great deal to be desired from a design 
standpoint. It was, however, an im- 
portant milestone, marking the begin- 
ning of an era. 


Little was done in the field until the 
1920's, when two new designs were 
patented—an oil-filled motor and a 
wet, or water-filled, one. In the water- 
filled motor, the windings were sealed 
off from the well water by a stainless- 
steel sleeve between the rotor and 
stator. These basic designs are still 
used. 

How rapidly the submersible pump 
is being accepted, can be seen from the 
rise in pump sales from approximately 
100 units in 1947 to over 60,000 units 
in 1956. Although the majority of the 
units sold were of the small, domestic 
type the sales figures are indicative of 
the acceptance of the submersible idea. 
This acceptance of small units has had 
a great influence on acceptance of the 
larger counterparts. They have proved 
the value of the pump, acquainting all 
with the soundness, from a practical 
standpoint, of the idea. 


Deep-Well Service 


Almost every town or community to- 
day has at least one problem in common 
with all others—acquiring an adequate 
and dependable water supply for in- 
creased populations, new appliances, 
and changed modes of living. The 
search for adequate and dependable wa- 
ter supplies has led to ever-increasing 
pump settings. With the conventional 
line shaft pump this has meant extend- 
ing line shafts to greater lengths. This 
has brought about horsepower losses 
and increased mechanical problems. 
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With the submersible pump water 
can be pumped from any depth, ef- 
ficiently and economically. Today’s 
submersibles are pumping water from 
depths as great as 1,450 ft. There is no 
alignment problem and, because there 
is no long shaft, operation is quiet and 
smooth in all cases. This is particu- 
larly true in the case of the crooked 
well. As long as there is sufficient 
room to install the pump, such a well 
need not be abandoned. 

Thus far, discussion has been re- 
stricted to the deeper settings. Sub- 
mersibles, however, are equally ad- 
vantageous in the shallower settings. 
The already mentioned widening search 
for adequate and dependable water sup- 
plies has led to the location of wells in 
residential neighborhoods. When the 
conventional pump is used, two major 
problems arise: first, and most im- 
portant, is that of noise created by the 
vertical motor and second is that of 
constructing a pumphouse—usually 
more costly than both well and pump— 
that will blend with surroundings. 

With the submersible pump, there is 
no noise problem. A 300-hp submersi- 
ble motor and pump running at full 
capacity make no more noise than a 
kitten crossing a living room carpet, 
and the pumphouse cost is almost com- 
pletely eliminated. 

The search for adequate and depend- 
able water supplies has led to develop- 
ment of wells on or near a river bank 
on the flood plain. There, great pre- 
caution must be taken to protect the 
well and the vertical motor from flood 
waters. With the submersible pump 
there is no fear of motor damage from 
flood. The problem of surface water 
contamination of the well by flood wa- 
ters is completely eliminated through a 
watertight seal that can be used in con- 
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junction with the pump. On the con- 
ventional pump the rotating shaft 
through a stuffing box offers a route by 
which contamination may enter. 


River Intake Work 


The floodproof feature has led, natu- 
rally, to the use of these pumps in river 
intake work. Not only is the expensive 
structure commonly associated with 
river intake stations eliminated, but 
maintenance costs from pump bearing 
wear have been reduced or virtually 
eliminated. This bearing wear is 
brought about by silty river water that 
is present in virtually every surface 
stream. Today, submersible river in- 
take pumps are available that have no 
pump bearings exposed to the pump 
liquid. All bearings are contained 
within the motor where they operate 
under controlled conditions. It can be 
readily seen how pump life can be in- 
creased through such an arrangement. 


Booster Service 


Submersible pumps are used, too, 
in booster service. For this purpose a 
conventional submersible pump and 
motor are set in a receiver or barrel. 
Existing main pressures are discharged 
into this completely sealed barrel where 
the pump picks up the main pressure 
and discharges at the desired increased 
pressures. 

It is the accepted practice to build 
sumps and elaborate buildings to house 
the conventional booster station. Land 
has to be purchased and, often, expen- 
sively maintained. The submersible 
booster station occupies very little 
space and may be located beneath the 
street, sidewalk, or any other city- 
owned property. Savings in construc- 
tion and land costs could be quite large. 
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A further advantage can be derived by 
making the station completely automa- 
tic, requiring no attendants and, most 
important, capable of being situated 
wherever the booster is required. 

Elimination of routine maintenance 
on any application is another major ad- 
vantage. This applies whether the ap- 
plication is booster service, deep-well 
service, or river intake work. With 
the conventional pump, bearings have 
to be lubricated, packing adjusted, and 
other routine checks made. The sub- 
mersible eliminates this responsibility, 
which means lower operating costs to 
the municipality or owners of the equip- 
ment. Such savings in operating costs 
are not idle talk. 


Selection 


It should be remembered that despite 
all its advantages the submersible is 
not a panacea for all pumping applica- 
tions. It should be selected with care. 
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What is expected of the unit and the 
conditions under which it will be oper- 
ating should both be kept in mind. A 
contractor, engineer, or manufacturer 
who has had experience in the field 
should be consulted and all data should 
be given to him. His experience can 
help in getting the proper equipment 
for years of trouble-free life. 

It is a proved fact that over 90 per 
cent of the troubles encountered with 
submersibles are a result of outside dif- 
ficulties. It should be remembered that 
all submersibles are good and accepta- 
ble pieces of equipment; their manu- 
facturers could not stay in business if 
they were not. 

The advantages of submersibles are 
many and their uses wide and varied. 
It is not the new way, but the modern 
way of pumping water in ever-growing 
communities. There is a submersible 


pump designed to fit virtually every 
pumping need. 


|| 
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The Determination of Free and Combined 
Chlorine in Water by the Use of 
Diethyl-p-phenylene Diamine 


Arthur T. Palin 


A contribution to the Journal by Arthur T. Palin, Chief Chemist, New- 
castle & Gateshead Water Company, Newcastle upon Tyne, England. 


OLLOWING the development of 

analytical methods for determining 
residual chlorine by the use of neutral 
orthotolidine (1), the earlier dimethyl- 
p-phenylene diamine ( p-aminodimethy]- 
aniline) procedure (2) has now been 
brought up-to-date. Certain improve- 
ments have been incorporated, includ- 
ing a simple procedure for the further 
analysis of the combined chlorine frac- 
tion. 

In preference to the dimethyl com- 
pound the corresponding diethyl-p- 
phenylene diamine (DPD) has been 
adopted because it gives sharper free 
and combined chlorine differentiation. 
When used in its oxalate form, reason- 
ably stable solutions can be prepared. 

With this indicator, free chlorine 
reacts instantly to give a red color. 
The subsequent addition of a small 
amount of potassium iodide (KI) im- 
mediately causes monochloramine to 
produce some color. Further addition 
of KI (enough to provide considerable 
excess) evokes a rapid response from 
dichloramine without any need for 
pH depression. Nitrogen trichloride 
(NCIl,), when present, appears in the 
dichloramine fraction. A simple change 
in the order of adding the reagents, 
however, can bring it into the first frac- 
tion with the free chlorine. In this 


way, an estimation of the NCI, con- 
centration can be made. The indicator 
cannot be used in its oxalate form if it 
is desired to use the acid-alkali tech- 
nique of the neutral orthotolidine 
method in determining dichloramine. 
This is because of the color-reducing 
effect of the oxalate at low pH. 


Siability of Indicator Solution 


A difficulty associated with the use 
of solutions of these phenylene diamine 
derivatives is their tendency to become 
discolored on standing. Such deteri- 
oration is accompanied by a loss of 
sensitivity in the color reaction with 
chlorine. The color mixture, itself, 
then also tends to show fading within 
a few minutes. 

In a method for the determination of 
phenols, Nusbaum (3) made use of the 
oxalate salt of DPD which does not 
readily oxidize or become discolored 
when exposed to air, and reported that 
a 0.1 per cent solution of the amine 
salt (as free base) in a 1 per cent 
solution of sulfuric acid remained 
stable indefinitely. For the purpose of 
the present determination method, this 
strength of acid in the reagent would 
be inconvenient, and it has been neces- 
sary to use a concentration of 0.2 per 
cent without, it appears, seriously af- 
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fecting the keeping quality of the solu- 
tion. It is recommended, nevertheless, 
that the indicator solution not be kept 
after it has become noticeably dis- 
colored. Storage in amber bottles is 
essential. 

That errors in the chlorine determi- 
nations are related to the discoloration 
of the reagent solution is borne out by 
the results shown in Table 1. 


Monochloramine and Dichloramine 


The monochloramine breakthrough 
into Fraction 1 (free chlorine) is negli- 
gible if readings are taken reasonably 
quickly. A sample containing 3 ppm 


TABLE 1 


Effect of Deterioration of Indicator Solution* on 
Determination of Free Chlorine in Watert 


Optical Density per cm 
(X10) of Indicator Solution | 
to Green Light | 


Indicated Free 
Chlorine—ppm 


3.0 
3.0 
3.0 
2.8 
2.6 
2.6 


0.3 
0.9 
1.3 
2.8 
3.6 
6.3 
7.4 
11.0 


* Solution used was 0.1 per cent DPD oxalate in 0.2 
per cent (by volume) sulfuric acid solution. 
t Distilled water containing 3 ppm chlorine. 


of monochloramine, for example, at 
18°C gave apparent free-chlorine read- 
ings of 0.04 and 0.08 ppm after stand- 
ing 0.5 and 1 min respectively. 

The time required for the dichlora- 
mine color to develop fully at the pH 
of the test depends on the iodide con- 
centration and on the temperature. 
The addition of 1 g of KI for every 100 
ml of sample and a waiting period of 
2 min have been found generally satis- 
factory. At higher temperatures such 
as might be found in swimming pool 
water, the period could be safely re- 
duced to 1 min. 
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With these procedures it has been 
established by many check determina- 
tions that the results obtained using the 
new indicator—photometrically, or volu- 
metrically with ferrous ammonium sul- 
fate (FAS)—are in agreement with 
those obtained by the standard neutral 
orthotolidine method. 


Nitrogen Trichloride 


In the neutral orthotolidine method, 
NCI, displays color with free chlorine 
in Fraction 1 and this color corresponds 
to half the NCI, concentration in terms 
of available chlorine. 

When DPD is used as the indicator, 
NCI, does not respond in Fraction 1 
so that any color produced there is due 
entirely to free chlorine. The NCI, 
then appears in Fraction 3 (dichlo- 
ramine), which is an advantage, be- 
cause it means that undesirable chlorine 
compounds (from the taste and odor 
viewpoint) are brought together in the 
same fraction. Thus, in controlling 
water chlorination, whatever the proc- 
ess used, the aim should be to keep 
Fraction 3 compounds at as low a con- 
centration as possible. 

Some part of the NCI, can be ob- 
tained in Fraction 1 if it is fixed with 
the neutral orthotolidine indicator be- 
fore adding the DPD. The red tint 
finally obtained is, however, somewhat 
modified. 

Another method of shifting NCI, to 
Fraction 1 is by addition of KI to the 
reagents before adding the sample. 
Using this as the basis, a procedure has 
been devised for the separate estima- 
tion of NCI,. When KI is used in this 
way it has been noted that a further 
proportion of NCI, continues to appear 
in Fraction 3. The total of the differ- 
ent fractions then approaches the figure 
for total available chlorine, but there 
still remains a deficiency resulting from 
an incomplete reaction with NCI, in 
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Fraction 3. Of the total NCI, present, 
only approximately 90 per cent re- 
sponds when KI is used in this way. 
There is a notable similarity in this re- 
sponse to the results of Dowell and 
Bray (4) which indicated only 91 per 
cent response in the iodometric deter- 
mination of NCI,. 

Because NCI, and monochloramine 
are not usually found together, it would 
not, as a general rule, be necessary to 
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Thus, having determined the three 
available chlorine fractions by the FAS 
method, the Fraction 1 determination 
can be repeated with DPD indicator 
substituted for neutral orthotolidine. 
The difference in the Fraction 1 read- 
ings when multiplied by two gives the 
NCI, concentration. 

With the procedures suggested, at- 
tempts have been made to place the be- 
havior of NCI, on a quantitative basis, 


TABLE 2 


Sample Quantitative Calculation in Presence of Nitrogen Trichloride* 


Method 
if 2.99 
2t 0.83 
3§ 2.93 


Fraction 1 Fraction 3 


Procedure A 


Free Chlorine 


2(2.99 —0.83) =4.32 


Procedure B 


2(2.93 —0.83) =4.20 


2.19 — (0.44.20) =0.51 


* All figures in ppm available chlorine. 
+ Neutral orthotolidine titration with FAS. 


t DPD method with FAS titration or, alternatively, a photometric procedure. 
§ The same procedure as in the DPD method above, except that KI is added to the reagents before the sample. 


make allowance for the fact that the 
use of KI in the way proposed would 
also cause monochloramine to appear 
with free chlorine and NC\,. 

It may also be noted, in connection 
with the determination of NCI,, that 
the fact that DPD does not respond to 
NCI, in Fraction 1 (KI being absent), 
whereas neutral orthotolidine does, pro- 
vides a very simple alternative to the 
present techniques for NCI, determina- 
tion in the FAS method. 

In Fraction 1 of the FAS method, 
both chlorine and NCI, readings are 
given by neutral orthotolidine indicator, 
whereas DPD gives only free chlorine, 


and a procedure along these lines has 
given reliable results. 

In the sampie calculation shown in 
Table 2, under Procedure A, the Frac- 
tion 1 (Method 2) reading, which gives 
only free chlorine, is used to subdivide 
the Fraction 1 (Method 1) reading into 
free chlorine and NCI,. In Procedure 
B the Fraction 1 (Method 3) reading, 
less the Fraction 1 (Method 2) reading 
gives a figure for NCI, which, when 
multiplied by two, gives the total NCI, 
concentration. The total NCI, figure 
when multiplied by 0.4 is then sub- 
tracted from the Fraction 3 (Method 
2) reading to get dichloramine. The 


| 0.50 
2.19 
NCls Dichloramine 
0.83 
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reason for this step is that, as already 
noted, a 40 per cent proportion of NCI, 
present appears with dichloramine. 
Comparative results for samples of 
water specially prepared in the labora- 
tory to contain high NCI, concentra- 
tions are given in Table 3. It is, of 


TABLE 3 


Comparative Results With Laboratory Samples 
Having High NCls Concentrations * 


7 
Dichlor- | 
Procedure Chlorine | amine Total 
6.3 
| 6.3 


0.4 
0.4 


Free | 


9.5 


| 6.6 
6.3 


5.7 
5.6 


A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 


* All figures in ppm available chlorine. 


course, unlikely that the determination 
of such high concentrations would nor- 
mally be required and, since the use of 
DPD as indicator has now separated 
NCI, from free chlorine, there is, per- 
haps, less need in practice for its de- 
termination as a separate fraction. In 
the experimental results shown, Frac- 
tion 2 (monochloramine) readings are 
not recorded because this fraction was 
absent or nearly absent in all cases. 
The procedures shown in Table 2 were 
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used for full differential analysis in 
the presence of 


Interfering Substances 


Oxidized manganese gives a color in 
Fraction 1 and has to be corrected for 
by the procedure given. In the pres- 
ence of the amount of KI now used for 
activating Fraction 3, both copper and 
nitrite, if present in large enough 
amounts, interfere by giving red colors 
with the indicator. If the copper con- 
tent of the water is within the US Pub- 
lic Health Service Drinking Water 
Standard of 3 ppm, no significant error 
is introduced. As for nitrite-nitrogen, 
concentrations up to at least 5 ppm 
were found not to interfere. 

Dissolved oxygen gives a faint color 
on standing, and the effect of increas- 
ing temperature is to increase the error, 
which can be practically eliminated by 
reducing the pH of the color mixture. 
The risk of causing monochloramine to 
break through into Fraction 1 sets a 
lower limit for the pH. The buffer 
solution adopted is considered to rep- 
resent a satisfactory compromise, and 
dissolved oxygen errors are reduced to 
insignificance. With a fully saturated 
water at a temperature of 18°C, for 
instance, the error amounted to no 
more than 0.01 ppm (in terms of free 
chlorine) in 5 min; with only 2 min 
standing, the error was decidedly less. 
The presence of KI in the color mix- 
ture was found not to increase the dis- 
solved oxygen error. 


Fading of Colors 


The question of fading becomes im- 
portant if, as now proposed, a waiting 
period is to be introduced in the di- 
chloramine determination. If, how- 
ever, the precaution of discarding indi- 
cator solutions which have become ap- 
preciably discolored is adopted then 


2.8 3.7 0.1 
2.8 3.4 0.1 
| 0.7 2.9 2.1 
0.7 2.6 2.2 
08 | 43 | O5 
0.8 4.2 0.5 
1.7 2.3 0.1 41 
1.7 2.0 0.3 4.0 
1.6 1.5 0.9 4.0 
1.6 1.6 0.9 41 
A 15 | 22 0.2 3.9 
B 1.5 2.2 0.2 3.9 
A 1.2 1.6 0.8 | 3.6 
B 1.2 1.9 0.8 | 3.9 
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fading of color in the DPD test is not 
a problem. 

It remains advantageous, however, 
if unusually high water temperatures 
are encountered, to reduce the waiting 
period to 1 min in the dichloramine de- 
termination. 

Some results to show the extent of 
fading in terms of apparent chlorine 
readings are shown in Table 4. A sam- 
ple containing free chlorine in distilled 
water was used and the readings were 
taken photometrically using a green 
filter. 


Apparent Ch 
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TABLE 4 
lorine Readings Using Indicator Solutions of Different Ages 
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FAS solution, determinations may be 
carried out by titration to colorless 
endpoints. 


Preparation of Standard Colors 


A standard permanganate solution 
may be used with the DPD indicator 
for preparing standard colors or for 
matching a given color by gradual ad- 
dition, with mixing, to a control tube 
in a duplication procedure. These 
permanganate-produced colors can also 
be titrated by FAS solution, providing 
a method of calibrating the latter solu- 


Chlorine Readings—ppm 


Temperature Indicator 

Solution 

| At Start 

| of Test 
14 Bt 1.74 
23 A 1.95 


* Four days old. 
+t Ninety-five days old. 


Continued addition of chlorine to a 
solution containing a fixed amount of 
DPD will eventually bleach the color 
first formed. It is thus important that 
the amount of indicator used provide 
an excess for the whole range of chlo- 
rine concentrations to be covered. Al- 
though the amount used is adequate 
for more than 4 ppm of available chlo- 
rine, restricting the upper limit of chlo- 
rine to that figure should provide an 
adequate safeguard against any errors 
due to insufficiency of indicator. For 
higher concentrations it is suggested 
that less of the sample be taken. 

The red colors produced in the DPD 
method are decolorized instantaneously 
by FAS. Thus, by using the standard 


1 min. 
After Start 


2 min. 
After Start 


4 min. 6 min. 
After Start After Start 


tion. The use of KI with permanga- 
nate for producing standard colors is 
not permissible. 

As an alternative to permanganate, 
a standard iodine solution may be used, 
being prepared as required by dilution 
of a stock 10N solution. 

Spectrophotometric analyses showed 
no differences in the colors produced by 
permanganate, iodine and chlorine. 


Volumetric Method 


The reagents used in the volumetric 
method and their means of preparation 
are: 

1. A solution of 0.1 per cent DPD 
oxalate, prepared by dissolving 0.1 g 


1.95 195 | 1.95 1.95 
1.72 1.69 1.60 1.51 oe) 
1.95 1.95 194 | 1.93 = 
23 B 1.71 1.67 | 1.53 1.42 | 1.33 
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DPD oxalate * in chlorine-free dis- 
tilled water to which 2 ml of 10 per 
cent (by volume) sulfuric acid has been 
added (Make up to 100 ml and store 
in an amber bottle. The solution 
should keep satisfactorily for 1 month 
but must not be used if any discolora- 
tion is evident. ) 

2. A buffer solution containing 2 g 
sodium phosphate, 6 g potassium phos- 
phate, and 10 g sodium hexametaphos- 
phate per 100 ml of solution in distilled 
water (To prevent mold growths, 
20 ppm mercuric chloride may be 
added. ) 

3. KI crystals 

4. The standard FAS solution (1 ml 
=0.1 mg chlorine), prepared by dis- 
solving 1.106 g FAS in freshly boiled 
and cooled distilled water to which 1 
ml of 25 per cent (by volume) sul- 
furic acid has been added (Make up 
to 1,000 ml.). 

Continuing experiments have re- 
sulted in some proposed revisions of 
Reagents 1 and 2 described above. 
With the revisions incorporated, the 
reagents would be prepared as follows: 

1. Dissolve 0.1 g DPD oxalate or 
0.15 g DPD sulfate (NH,-C,H,: 
N(C.H,;).°H,SO,-5H,O) in chlorine- 
free distilled water to which 2 ml of 
10 per cent (by volume) sulfuric acid 
and 2.5 ml of 0.8 per cent disodium 
ethylenediamine tetraacetate dihydrate 
(EDTA) have been added. Make up 
to 100 ml, store in an amber bottle, 
and discard when discolored. 

2. Dissolve 2.4 g sodium phosphate 
and 4.6 g potassium phosphate in dis- 
tilled water. Add 10 ml 0.8 per cent 
EDTA solution and make up to 100 
ml. Add 20 ppm mercuric chloride if 


* Product used by author is marketed as 
Compound 7102 by Eastman Kodak Co., 
Rochester, N.Y. 
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necessary, for prevention of mold 
growth. 

The EDTA which replaces the se- 
questering agent sodium hexametaphos- 
phate in revised Reagent 2 will over- 
come interference by copper in concen- 
trations of up to approximately 10 
ppm. In connection with the use of 
sequestering agents in this way, it may 
be noted that the virtually complete 
suppression of dissolved oxygen errors 
is probably due in no small measure to 
prevention of trace metal catalysis. 

The stability of the DPD solution is 
considerably enhanced by incorporating 
EDTA because this, it has been found, 
also retards deterioration by oxidation. 

The sulfate of DPD * may be used 
as an alternative to the oxalate and, 
being of more precise composition, is, 
perhaps, to be preferred. 

The procedure for determining free 
and combined chlorine by the volu- 
metric method is as follows: 

Free chlorine. To 5 ml each of Re- 
agents 1 and 2 above, add 100 ml of 
sample and titrate with FAS solution. 

Monochloramine. Add one small 
crystal of mix, and _ continue 
titration. 

Dichloramine. Add several crystals 
(about 1 g) of KI and mix rapidly to 
dissolve. Let stand 2 min and then 


* Now available as a pale-cream crystalline 
powder from British Drug Houses, Ltd., 
England. 

+ The optimum amount of KI for mono- 
chloramine activation is 2-5 mg per 100-ml 
sample. In practice, the amount is not usu- 
ally critical and the addition of one small 
crystal would normally be satisfactory. It 
is rather more critical when the concentra- 
tion of dichloramine is relatively high, as too 
much KI at the second stage will tend to 
cause dichloramine to break through into 
the monochloramine fraction. For more ac- 
curate dispensing in such circumstances, a 
solution of KI should be used, adding 1 ml 
of 0.5 per cent solution per 100-ml sample. 
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continue titration. Any drift-back of 
color at the endpoint when titrating 
relatively large amounts of dichlor- 
amine indicates a slightly incomplete 
reaction. In such cases allow a fur- 
ther 2-min period of standing. 

If the total concentration of available 
chlorine is likely to exceed 4 ppm, take 
a smaller quantity of sample. When 
diluting, the requisite amount of chlo- 
rine-free distilled water is added first 
and mixed with Reagents 1 and 2 be- 
fore adding the sample. 

NCI, may, in the absence of free 
chlorine, also be taken as absent. 
When present, as its distinct odor will 
indicate, it will normally appear with 
dichloramine. An estimate of its con- 
centration may be obtained by adding 
samples and reagents in the following 
order: Reagent 2, small crystal KI, 
sample, Reagent 1. From the reading 
thus obtained, deduct the normal Frac- 
tion 1 (and Fraction 2 readings, if any) 
and multiply by two. This gives NCI., 
the value of which is multiplied by 0.4 
and then subtracted from the normal 
Friction 3 reading to determine chlo- 
ramine. The total available chlorine 
figure is the sum of the various con- 
stituents. (In the presence of rela- 
tively high dichloramine concentra- 
tions, use a KI solution as described 
in the footnote. ) 

When the DPD sulfate is used in 
place of the oxalate, the acid-alkali tech- 
nique for dichloramine activation may 
be used. The excess KI method, how- 
ever, obviously remains simpler and, 
if it is desired to reduce consumption 
of KI where many tests are being per- 
formed, the use of 50-ml portions of the 
sample with half quantities of the re- 
agents and half-strength FAS solution 
is permissible. 

No way has been found of combining 
Reagents 1 and 2 in a single solution of 
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adequate stability. Suitable mixtures 
in tablet form have, however, been suc- 
cessfully prepared and permanent glass 
standards are being developed * for use 
with tablets in a simple test. 

For the determination of total avail- 
able chlorine, only one tablet in which 
KI would be incorporated with the 
indicator would be required. For the 
determination of free and combined 
chlorine, two different tablets would 
be used, the second containing the KI. 
By introducing a third tablet, all three 
fractions are obtained by the usual pro- 
cedure and, where required, a simple 
supplementary test determines the NC... 

When reagents are used together in 
solid mixture, experience has shown 
the addition of powdered sodium hexa- 
metaphosphate leads to a reduction in 
color intensity not encountered when 
the chemical is applied in solution form. 
The reason for this is not clear, but 
the fact remains that in adding reagents 
as a solid mixture the sequestering 
agent must be EDTA. In the simple 
one-tablet test for total available chlo- 
rine, where excess KI is used from the 
start, copper may give a color until 
sufficient EDTA has dissolved to pro- 
duce its chelation. Such colors are, 
however, transitory and disappear 
within the 2-minute period of the test. 
With the differential tests, copper is, 
of course, chelated before any KI is 
added and cannot then produce color. 


Colorimetric Method 


The procedure for free- and com- 
bined-chlorine determination by the 
colorimetric method + is as follows: 


* Tintometer Ltd., Salisbury, England, will 
produce the permanent glass standards. 

+In connection with commercial develop- 
ment of colorimetric apparatus and proce- 
dures, it should be pointed out that the proc- 
ess referred to in this article is the subject 
of a British patent application. 


1 
) 
fora 
/ 
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Free Chlorine. Using a 10-ml tube, 
add 0.5 ml each of Reagents 1 and 2 
and fill to mark with sample. 

Combined Chlorine. Add about six 
small crystals of KI (approximately 
0.1 g), mix rapidly to dissolve, then let 
stand 2 min. The increase in color 
corresponds to the quantity of combined 
chlorine. 

To subdivide the combined chlorine 
into mono- and dichloramine, introduce 
an intermediate stage, using (for 10 ml 
total volume) one very small crystal 
of KI or one drop of 0.5 per cent solu- 
tion in a manner similar to that given 
for the volumetric method. To check 
for NCI,, add this amount of KI to the 
specified amount of Reagent 2, then 
add sample, and, finally, Reagent 1. 
Any increase in color compared with 
the normal free-chlorine reading indi- 
cates the presence of NCI,. Estimate 
can then be made as described under 
volumetric method. 


Calibration of Colorimeters 


For calibration of colorimeters use 
a standard potassium permanganate 
solution of 0.802 g per liter. Dilute 
the solution ten times so that 1 ml made 
up to 90 ml with distilled water is 
equivalent to 1 ppm chlorine. Using 
required amount of potassium perman- 
ganate solution, make up to 90 ml with 
distilled water. Pour into flask con- 
taining 5 ml each of Reagents 1 and 2, 
and mix. Then fill colorimeter tube 
and take reading. If desired, titrate 
remaining contents of flask against 
FAS solution as a check on the stand- 
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ard color (and on any absorption of 
permanganate by the distilled water 
used), using the appropriate volume 
correction factor. For example, where 
10-ml colorimeter tubes are used, the 
factor is 100/81. 


Interference by Oxidized Manganese 


If it is necessary to allow for inter- 
ference by oxidized manganese, the 
procedure to follow is similar to that 
of the neutral orthotolidine method, 
except that the DPD indicator is used 
in place of orthotolidine. The proce- 
dure is as follows: Place 5 ml of Re- 
agent 2, one small KI crystal, and 0.5 
ml of 0.5 per cent sodium arsenite solu- 
tion in a titration flask. Add 100 ml 
of sample and mix. Then add 5 ml 
of Reagent 1 and mix. Any red color 
is titrated with the FAS solution or 
measured colorimetrically. Subtracting 
the figure thus obtained from the Frac- 
tion 1 reading of the normal proce- 


dure gives the corrected free chlorine 
reading. 
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HE corrosion of metals, particularly 

as the formation of rust when iron 
and steel are exposed to the action of 
the elements, is familiar to everyone. 
It is known that such exposed metal 
surfaces must be periodically painted, 
coated, or otherwise protected to pre- 
vent this rusting action. 

Underground metallic structures are 
also subject to corrosion. Practically 
none of the common metals is found as 
a metal in its natural state and, when 
unprotected, those metals tend to revert 
to that natural state as an oxide or 
other chemical compound. 

The presence of electrical currents, 
particularly direct currents, will cause 
corrosion under certain conditions and 
will protect a metal against corrosion 
action under other conditions. 


Origins of Corrosion 


Corrosion may be defined as the de- 
struction of a metal by chemical or 
electrochemical reaction with its en- 
vironment. In general, the corrosion of 
underground piping systems is electro- 
chemical in nature and is dependent 
upon the presence of an electrolyte and 
the availability of oxygen. Sea water, 
natural fresh waters, and soil waters are 
liquid electrical conductors or electro- 
lytes. Because of the normal presence 
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of moisture in soils, earth in general is 
considered an electrolyte. 

The electrochemist would explain 
that corrosion takes place at the metal 
surface (an anode) where positive 
metal ions enter the solution and nega- 
tive electrons are given up. These elec- 
trons pass through the metal to that 
part of the metal surface (the cathode) 
where they are accepted and combine 
with positive ions in the solution. Con- 
ventional electrical current flows in the 
direction opposite to the flow of these 
electrons. Corrosion, therefore, takes 
place at the anodic surfaces where elec- 
tric current enters the solution but does 
not normally occur at the cathodic sur- 
faces where electric current is picked 
up by the metal. 

The electric current which is a part 
of the corrosion process can be exter- 
nally applied, in which case the corro- 
sion is termed electrolytic. . This is the 
action which is usefully applied in the 
electroplating industries and in the 
charging of storage batteries, but, at 
the same time, which has accounted for 
an untold number of failures on under- 
ground pipe and cable systems. It is 
then known as electrolysis or stray- 
current corrosion. 

On the other hand, the electric cur- 
rent which is a part of the corrosion 
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process can be self-generated by the for- 
mation of galvanic cells. Many factors 
can cause this, including the intercon- 
nection of different metals which are 
in the same electrolyte, a single metal 
having its surfaces in differing environ- 
ments, the presence of impurities on the 
metal surface, and different concentra- 
tions of oxygen, acids, and alkalies in 
the electrolyte at various areas of a 
metal surface. 

The self-generating action takes 
place, for example, in a standard dry- 
cell battery or in a storage battery when 
it is connected to a load and is discharg- 
ing. It is also the action (known as 
galvanic corrosion) which corrodes an 
underground iron pipe metallically con- 
nected to a copper pipe. 

The cathodic protection of an under- 
ground water pipe is based on the prin- 
ciple that the passage of electric current 
from a metal surface into an electrolyte 
causes corrosion while the pickup of 
electric current from an electrolyte pro- 
tects the metal from corrosion action. 


Transit System Effects 


Originally the principal source of 
stray currents, with the resulting elec- 
trolysis problems, was the grounded 
running rails of direct-current, single 
trolley, railway systems. Electrolysis 
conditions were aggravated by inade- 
quacies which frequently developed in 
the railway power distribution and re- 
turn circuit systems occasioned by the 
phenomenal growth of this method of 
transportation in the urban and sub- 
urban areas of many cities. 

Later rapid transit systems—elevated 
and in underground and under-river 
tunnels—were installed with a third rail 
instead of an overhead trolley wire. 
Local and long-distance railroads which 
have been electrified, also use a third 
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rail or an overhead catenary. In all 
installations the grounded running rails 
were used as the basic negative return 
circuit system. 

From the electrolysis standpoint the 
production of stray currents is funda- 
mentally the same in all these systems. 
Electric power is supplied to the elec- 
tric car, train, or locomotive from the 
powerhouse or substation by an insu- 
lated positive feeder system and re- 
turned to the power supply by the track 
system and negative feeders. The re- 
turn current in the rails produces a 
track voltage drop which raises the 
electrical potential of the track with re- 
spect to earth in areas remote from the 
power supply and lowers the potential 
of the track with respect to earth in the 
vicinity of the negative feeder connec- 
tion point which, in a simplified design, 
is at or near the power supply station. 

Because the running rails are not in- 
sulated from the ground, some of the 
return current strays from the track in 
areas remote from the power supply, 
flows through the earth and returns to 
the track as it approaches the negative 
feeder connection point or points. 

Any continuous underground metal- 
lic structure such as a water pipe sys- 
tem in the general area of the track will 
pick up a portion of this stray current 
in areas remote from the power supply 
station, and discharge it to earth in the 
vicinity of the negative feeder connec- 
tion points. This area, usually in the 
vicinity of the power supply station, is 
rather restricted. It is known as the 
positive area where corrosion of the 
pipes will occur. 

In the extensive negative areas re- 
mote from the power supply station, the 
pipes are actually gaining cathodic pro- 
tection by the pickup of stray current, 
thus protecting them from galvanic cell 
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or local soil action which otherwise 
might be experienced in widely scat- 
tered areas. 

It has been possible to minimize stray 
currents from electric railway systems 
by making changes in the existing sys- 
tems and incorporating special design 
features in new systems. Railway com- 
panies, for example, have installed in- 
sulated negative return feeder systems 
to take current from the running rails 
at several locations instead of from a 
single location in the immediate vicinity 
of the power supply station; they have 
given greater consideration to rail bond 
maintenance to ensure better rail con- 
ductivity ; they have installed negative 
tie feeder cables between parallel or di- 
verging track lines; and, occasionally, 
they have installed new power sub- 
stations to eliminate excessive feeding 
distances. 

A great many negative return cop- 
per feeders have been installed by 
the Hudson & Manhattan Railroad 
which connects New York to Newark 
and other New Jersey communities. 
The Delaware, Lackawanna and West- 
ern Railroad has several power sub- 
stations in its electrified division, and 
each one has a negative return feeder 
system. The Lackawanna also uses a 
3,000-v d-c power system, in which the 
magnitude of the load currents is much 
less than it would have been if the usual 
600-v system had been installed. Be- 
cause of the heavy power requirements 
of the railroad trains, however, and 
even though the operating voltage is 
high, return circuit currents are also 
high, so that considerable voltage drops 
are produced in the rails with corre- 
spondingly high stray currents. 

The more recent additions to the 
New York City subway system employ 
smaller and more frequent substations 
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together with extensive insulated nega- 
tive feeders and other means to reduce 
stray currents to a minimum. 


Electrical Drainage 


Other mitigative measures have been 
employed by the operators of under- 
ground pipe and cable systems. In one 
of the most common means of protect- 
ing underground cables, known as cable 
sheath drainage, insulated cables are 
connected to the cable sheaths in the 
vicinity of the power substation and 
are extended to the negative bus of 
the substation. By taking current from 
the cable sheaths over a metallic con- 
ductor directly to the railway negative 
bus, the potential of the cable sheaths 
is lowered with respect to the tracks 
and earth, and corrosive action will 
be precluded. If only one cable sys- 
tem is thus drained to the railway 
negative bus, however, corrosion ex- 
posures can be aggravated on other 
underground cable and pipe systems 
in the same territory. Local corro- 
sion conditions may be set up on the 
other pipes and cables even in areas 
where those structures are negative in 
potential to the railway tracks. 

Electrical drainage can similarly be 
applied to underground pipe systems. 
Because cast-iron bell-and-spigot pipe 
joints, even when they are made up 
with lead, can have high electrical re- 
sistance, however, water pipe failure 
have occurred where the current shunts 
around such joints through earth. Pipe 
joint corrosion can occur in areas where 
the pipes have been considered pro- 
tected. 

It is most important that, when elec- 
trical drainage is applied to any un- 
derground structure, all operators of 
underground structure systems in the 
territory cooperate in the mitigative 
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work so that the best possible solution 
for all concerned may be adopted. 

The use of nonmetallic jointing ma- 
terials tends to give all pipe joints, high 
electrical resistance, thereby decreasing 
the tendency for mains to pick up and 
transmit stray currents. Pipe drainage 
should then be avoided. 

Intentional insulating joints have fre- 
quently been installed in a water main 
system and, sometimes, in water serv- 
ice pipes to isolate sections of pipe 
which otherwise would be affected by 
stray-current corrosion. 

Pipe coatings, wrappings, and en- 
casement in insulating materials have 
often been employed to protect pipes 
exposed to electrolytic action. The 
coverage, however, must be perfect or 
aggravated corrosion will occur where 
there are flaws in the coating and other 
unprotected spots. Nonmetallic pipe 
has also been installed to obviate cor- 
rosion damage. 

When pipes have been subjected to 
corrosion exposure from stray currents, 
cathodic protection has been applied 
and is frequently being used to supple- 
ment pipe coatings. 

In Germany, probably before 1910, 
a ground plate was buried between a 
pipeline and the streetcar tracks in the 
vicinity of a railway power supply sta- 
tion, and what was then called an 
auxiliary dynamo was connected be- 
tween the pipe and the ground plate, so 
that current was removed from the pipe 
and delivered to the expendable ground 
plate. 

The late Albert F. Ganz experi- 
mented along similar lines as early as 
1912. Later he designed a permanent 
installation to protect the 60-in. gas 
main which extended from the Astoria 
to the Ravenswood sections of New 
York City in a tunnel under the East 
River, by removing 60-70 amp of stray 
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current by means of a motor—generator 
set and a ground bed consisting of large 
pieces of discarded steel railroad car 
bottoms placed in the East River. 


Special Conditions 


Many special incidents of stray-cur- 
rent corrosion on water pipes require 
special treatment. Stray current, for 
example, can be picked up by pipes and 
cables in areas near electrified railways 
remote from their power supplies. The 
current may then flow on the pipes and 
cables to a low-resistance earth or sea 
water area, also remote from the rail- 
way power supply, and there be dis- 
charged to earth, causing corrosion. 
Such conditions might be expected to 
prevail in the environs of the New Jer- 
sey Meadows. Stray-current effects 
of a substation may be experienced in 
the area of another quite removed from 
the first. During the period of direct- 
current operation of the Pennsylvania 
Railroad, the Hudson & Manhattan 
Railroad experienced the effects of the 
Pennsylvania substation in the New 
Jersey meadows as far as New York 
City, a distance in which several other 
substations intervened. 

Reports have been made that tests 
conducted on various underground 
structure systems in the easterly Union 
County N.J. area have indicated the 
influence of such electric railway sys- 
tems as the Lackawanna, Hudson & 
Manhattan, Staten Island Rapid Tran- 
sit, and even the New York City sub- 
way system. Changes in pipe currents 
on a pipe system near Elizabeth, N.J., 
were attributed to the operation of 
the Lackawanna Power substation at 
Bernardsville, N.J.—approximately 20 
miles away. 

In investigating corrosion conditions 
on a pipeline beyond the end of an 
interurban trolley system, stray cur- 


1 
1 


Jul. 1957 


rent on the pipe was traced to and 
through an area of low-resistance earth 
to a point approximately 10 miles be- 
yond the end of the track. 

The fact that a water pipe system 
is not contiguous to the route of an 
electric railway system cannot always 
be taken as assurance that stray-cur- 
rent problems will not exist. 

A more-or-less local water pipe sys- 
tem may be affected by stray railway 
currents and suffer from corrosion 
action even though it does not extend 
to an area near a railway power supply 
station. Such a system can pick up 
stray current in one area, discharging 
it to earth near its opposite limits, 
which may be in the vicinity of the 
railway tracks or low wet ground bor- 
dering an adjacent water system. 

Water pipes and services which come 
near or cross underground cables that 
are electrically drained to a railway 
negative bus may be susceptible to lo- 
cal corrosion action. 

Under certain conditions other 
sources of stray current can create 
more-or-less local electrolytic corrosion 
problems. Stray currents which orig- 
inate in direct-current light and power 
distribution systems, may be involved, 
particularly in certain industrial plants. 
Stray current from cathodic protection 
systems installed to protect some other 
underground pipe or structure system 
may also create corrosion. 

It is theoretically possible for stray 
alternating current to cause corrosion, 
but the amount of such corrosion on 
pipes is very much less than the ef- 
fects of direct currents of the same 
magnitude. A few corrosion incidents 
which might have been attributable to 
alternating stray current have been ex- 
perienced, where, for example, there 
had been a rectifying action on lead- 
sheathed cables. Electrolysis problems 
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with pipes, however, do not seem to 
be serious or frequent. 


Grounding Practices 


The almost universal practice in this 
country of grounding the secondary 
neutrals of electric transformers to the 
water pipes in buildings causes alter- 
nating currents to flow on house pip- 
ing, water mains, and other metallic 
structures not designed to be electrical 
conductors. In areas where stray rail- 
way currents are present, such ground 
connections and the electrical neutral 
conductors can aggravate the electrol- 
ysis problem by transferring the stray 
current from one section of the pipe 
system to another which may either 
have been isolated by insulating joints 
for corrosion protection or not other- 
wise exposed to electrolysis conditions. 

Many complaints of sparking, electric 
shock, and other hazards associated 
with the use of water pipe grounding 
practices have greatly concerned water 
works operators. 

As a result of using bare neutral wir- 
ing in electrical distribution systems, 
25-75 per cent of the total neutral cur- 
rent flows over house piping and other 
metallic structures. AWWA has made 
a thorough study of this practice (/) 
and has opposed it. 


Conclusions 


Enough cannot be said of the impor- 
tance of cooperation with other utili- 
ties and operators of underground 
structures in corrosion matters. The 
New Jersey Committee on Corrosion 
is a state-wide organization fostering 
such cooperation and acting as a clear- 
ing house for corrosion information. 
Whenever an organization plans to in- 
stall cathodic protection or contem- 
plates some change which may release 
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stray currents and thus affect other 
underground systems, all member or- 
ganizations are notified in advance, and 
interested operators are given the op- 
portunity to participate in joint tests 
so that modifications may be made or 
additional measures may be under- 
taken by them to ensure that no un- 
desirable conditions may evolve. 
Many water works operators may 
think that, because most of the electric 
street railway systems are being dis- 
placed by buses, corrosion problems 
are over. Cases of corrosion failure 
have occurred a number of years after 
an electric street railway was aban- 
doned when the corrosion started un- 
der stray current conditions and con- 
tinued as a result of the pipe environ- 
ment. Even in former negative areas, 


where pipe failures were never experi- 
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enced, other types of corrosion action 
can develop on water pipes. This has 
been the experience on many under- 
ground cable systems. 

When planning extensions and large- 
scale renewals in a water pipe system, 
it is expedient to give due considera- 
tion to the possibility of the existence 
or creation of corrosion conditions. It 
has been found through experience that 
the inclusion of precautionary measures 
in the original design and construction 
of a new extension to a pipe system will 
be more satisfactory and economic than 
the application of subsequent mitigative 
measures. 


Reference 


1. Grounding of Electric Circuits on Water 
Pipe—Statement of AWWA Policy. 
Jour. AWWA, 36:381 (Apr. 1944), 


ey 
Oawwa 


HE purification of surface waters is, 

in general, far more complicated 
than the treatment of ground waters. 
Cities of greater than 10,000 population 
which depend on surface sources for 
their water supply can usually afford 
to employ qualified, full-time, water 
works operators. In smaller communi- 
ties, however, or in those communities 
that treat less than 1 mgd of surface 
water, the operators may frequently, by 
necessity, be hired on the basis of their 
willingness to accept the job, rather 
than for their qualifications. A study 
has been made, therefore, to determine 
the general qualifications of water 
works operators in Illinois communi- 
ties that treat less than 1 mgd of sur- 
face water. 


Study Data 


This study was conducted by send- 
ing questionnaires to the 86 Illinois 
communities in the above classification. 
Replies were received from 43 per cent 
of these communities, with 6 per cent 
reporting pumpages now in excess of 1 
mgd. The analysis is, therefore, based 
on the replies from 32 municipalities. 

All the reporting communities puri- 
fied the surface water by rapid sand fil- 
tration and chlorination, but only 16 
per cent softened the water, and only 
3 per cent added fluorides. Nine per 
cent of these public water supplies were 
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privately owned. The populations of 
the municipalities ranged from 726 to 
10,592, with pumpages ranging from 
27,000 to 800,000 gpd. The number of 
operators employed varied from one to 
four, with 41 per cent of the communi- 
ties employing only one operator; 31 
per cent, two operators; 3 per cent, 
three operators; and 25 per cent, four 
operators. The salaries received by 
these operators ranged from $135 to 
$350 per month. In 33 per cent of the 
communities, the water works super- 
intendent was the only person respon- 
sible for the operation and maintenance 
of the water system, and, usually, for 
the maintenance of either the streets or 
the sewers as well. 

The operators had, almost uniformly, 
initially received “on-the-job training” 
only to qualify them to operate the 
treatment plant. Thereafter, their 
knowledge of water treatment and op- 
erations was increased mainly by study- 
ing the technical literature and by con- 
versation with state public health per- 
sonnel and equipment manufacturers’ 
representatives. The Illinois Depart- 
ment of Public Health and the Univer- 
sity of Illinois annually sponsor a water 
works operators short course, but only 
28 per cent of the operators had at- 
tended one or more of these courses. 
Also, these operators were mostly men 
who had 10-30 years of water works 
experience. 
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TABLE 1 


Data on Water Treatment Plants and Operators in Thirty-Two Illinois Communities* 


Population 


Pumpage—1,000 gpd —25 550-800 
Median 725 


Number of hours operated 
daily 
Median 


Number of personnel 
Median 


Number of operators - 
Median | 


Monthly salary (Operator) $135-$240 | $150-$330 | $192-$245 | $185-$265 | $245-$350 
Median $200 $250 $210 | $248 $280 


Monthly salary (Super- 
intendent) $135-$260 | $250-$330 | $250-$325 | $245-$400 | $325-$450 
Median $200 $280 $275 $285 $335 


Population Operator's Duties Superintendent's Duties 


726-1,000 | Water works superintendent and operator; meters and taps; maintenance and 
repairs; all clerical and administrative tasks. (Fifty per cent of these per- 
sonnel also performed city street maintenance.) 

1,001-2,000 | Water works operator ; meters; main- | Water and sewage works superintend- 
tenance and repairs. (Fifty per cent | ent and part-time operator. 
operated sewage plant, 30 per cent 
did street maintenance.) 


2,001-3,000 | Operate and maintain water system | Water and sewage works superintend- 
only. ent and part-time operator. 


3,001-5,000 | Water and sewage works operator. Water and sewage works superintend- 
ent and part-time operator. 


5,001-10,592 | Operate and maintain water system | Water works superintendent only. 
conly. 


Certification certification of water treatment plant 

The state of Illinois has enacted leg- Per ators. This seems rather para- 
islation for the compulsory certification doxical, as the health and welfare of a 
of sewage treatment plant operators, community is far more dependent on 
but has, as yet, failed to require the the purity and adequacy of its water 


888 
726-1,000 | 1,001—2,000 | 2,001-—3,000 | 3,001-—5,000 
(Median: (Median: (Median: (Median: (Median: 
900) 1,275) 2,375) 3,825) 8,500) 
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supply than it is on the proper disposal 
of its sewage wastes. It is interesting 
to note that only one community re- 
ported that it employed certified water 
works operators. Even so, the con- 
clusion that all uncertified operators 
are unqualified to operate a water treat- 
ment plant is unjustified. If a new 
operator is given adequate initial in- 
struction by fellow operators and if he 
studies diligently, he will, after many 
years of experience, become extremely 
well qualified to operate his own or 
similar plants. It should be both rec- 
ognized and accepted, however, that no 
person should be given the responsibil- 
ity of operating a water treatment plant 
until he has adequately demonstrated 
by state certification, that he has the 
ability to do so. 


Analysis 


The reported information has also 
been analyzed on the basis of popula- 


tion ranges, with the analysis sum- 


marized in Table 1. Because of the 
extreme variations of the several items 
in each population group, average val- 
ues are meaningless, and median values 
are reported instead. 

It is again emphasized that the water 
treatment plant operator is vital to the 
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health of the community as producer of 
safe, palatable water, and to the safety 
of the community as provider of ade- 
quate water to fight fires. From a 
study of Table 1 it is apparent that in 
communities of less than 2,000 popula- 
tion the operators are given so many 
duties that it is generally impossible for 
them to fulfill any of them adequately. 
If the operator is compelled to spend 
more of his time on some duty other 
than operation of the treatment plant, 
or if he is unable to provide proper sys- 
tem maintenance, the responsibility for 
any outbreak of a waterborne disease, 
or for the failure of the water system 
should rest upon the citizens of the 
community who originally insisted that 
the operator be assigned these addi- 
tional tasks. 

It is also noted that operator respon- 
sibility is greatest in the small commu- 
nity which can afford only one man to 
operate and maintain the water system 
—and, often, to maintain the streets or 
sewers as well. These lone operators 
usually do a good, if not heroic job of 
fulfilling their obligations. There are, 
however, very few qualified operators 
who are willing to shoulder this respon- 
sibility for $200 a month without feel- 
ing, and being, grossly underpaid. 
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HE Illinois plan of voluntary cer- 

tification for water plant operators 
saw its first certificate of competency 
issued in 1938. Several years of prep- 
aration were needed before the plan 
became a reality and, since that time, 
there have been many reversals by the 
state legislature to the plan to license 
officially water plant operators. 

The first real interest in certification 
was voiced at the first meeting of IIli- 
nois operators sponsored by the State 
Department of Public Health in 1932. 
The certification question was raised 
because of the insecurity felt by many 
water plant operators appointed to their 
positions by municipal officials or, more 
specifically, directly by the mayor. At 
that time, with a change in local ad- 
ministration one could expect a change 
in water plant personnel. The health 
department had tried to impress on 
municipal officials the importance of 
competent operation of water utilities 
and the resultant dangers if operation 
was not in satisfactory and competent 
hands. Large personnel turnover in 
the water department, moreover, meant 
that the health department had to 
spend considerable time training new 
personnel. Most municipalities, at that 
time, held elections every 2 years. The 
State Department of Public Health was 


thus interested in certification as a 
method of stabilizing the situation. 


Departmental Powers 


The general powers and duties of the 
department of health relative to water 
supply, found in Illinois statutes (1), 
are: 


To act in supervisory capacity relative 
to the sanitary quality and adequacy of 
proposed and existing public water sup- 
plies, water treatment and purification 
works, and to prepare and enforce rules 
and regulations relative to the installa- 
tion and operation of public water works 
so that public water supplies will be of 
satisfactory sanitary and mineral quali- 
ties for drinking and general domestic 
use; to determine standards of purity 
of drinking water; to establish and en- 
force minimum sanitary standards for the 
operation of public water supplies; to re- 
quire the submission of plans and speci- 
fications for public water installations, 
changes and additions, excepting distribu- 
tion piping beyond the consumer’s service 
or building service connections; and to 
prepare and enforce rules and regulations 
relative to the preparation, submission, 
and department approval of such plans 
and specifications. 


On the basis of these powers the de- 
partment requested an opinion from 
the attorney general as to whether it 
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could issue certificates to superintend- 
ents, chemists, and operators of water 
treatment plants. The department fur- 
ther asked if, in the event it did not 
have the authority to prohibit those not 
holding certificates from fulfilling their 
functions, certificates could be issued 
as merit awards. In his answer, the 
attorney general stated that it was his 
opinion that the provisions granted 
powers of supervision and regulation 
and did not authorize the State De- 
partment of Public Health to require 
that superintendents, chemists, and 
operators receive certificates from the 
department before performing any func- 
tions at water treatment plants. He fur- 
ther stated that: “The certificate which 
you propose would be in the nature of 
a license permitting persons to be em- 
ployed at these water plants.” It was 
the opinion of the attorney general that 
special statutory authority would be 
necessary to enable the department to 
impose these conditions of employment. 
The department, however, was author- 
ized to make reasonable sanitary rules 
and regulations governing employment 
of persons in treatment plants, and 
there would be no legal objection to is- 
suing certificates in the form of merit 
awards to operators who had faithfully 
observed the rules and regulations of 
the department. 


Initial Action 


On the basis of the attorney general’s 
opinion, the department decided to 
initiate the voluntary certificate of com- 
petency plan, based entirely upon train- 
ing and experience, with the thought 
that some day, in the near future possi- 
bly, licensing would be a reality and 
this could be a stepping stone toward 
such legislation. A committee, ap- 
pointed at the annual water plant oper- 
ators’ meeting in 1936 to discuss the 
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feasibility of a voluntary certificate of 
competency, recommended that the 
State Department of Public Health be 
asked to go ahead with the plan dis- 
cussed and that a temporary committee 
consisting of one representative from 
each of the operators’ groups at the 
meeting, the senior professor of sani- 
tary engineering at the University of 
Illinois, and the chief sanitary engineer 
of the State Department of Public 
Health be empowered to set up a de- 
tailed program for issuance of voluntary 
certificates. In 1937 the temporary 
committee reported on its progress to 
the annual meeting of the water plant 
operators. The report was accepted, 
the State Department of Public Health 
agreed to handle all the necessary de- 
tail work and the committee, as such, 
passed out of existence. Its members 
then became part of an advisory com- 
mittee to the department of health on 
matters dealing with certificate of com- 
petency questions. 

The report of the temporary commit- 
tee stated that certificates of com- 
petency were desirable, and that the 
basic reason for their issuance was to 
give recognition of water works oper- 
ators’ qualifications and meritorious 
service in the performance of their du- 
ties. The temporary committee also 
expressed the desire that there be no 
pressure exerted on any operator to 
apply for a certificate of competency. 
Certification should be purely optional 
and voluntary on the part of the water 
treatment plant operator. The com- 
mittee further suggested that certifi- 
cates be given for three grades of oper- 
ators. 

Class A operators should: [1] have 
an education of 4 years of high school 
or its equivalent; [2] have 5 years ex- 
perience in water treatment plant oper- 
tion, of which 2 years should represent 
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responsible charge of plant operation ; 
[3] be able to make or supervise the 
necessary physical and chemical labora- 
tory plant control tests, and be gen- 
erally familiar with the laboratory pro- 
cedure, technique, and interpretation 
of bacteriological analyses; [4] be in- 
formed, in general, on the maintenance 
and operation of all mechanical equip- 
ment and devices in plant; and [5] be 
responsible for operation and super- 
vision of plant. 

Class B operators should: [1] have 
a grammar school education or its 
equivalent; [2] have 3 years experi- 
ence in water treatment plant oper- 
ation; [3] have sufficient knowledge of 
physical and chemical laboratory con- 
trol tests; and [4] have a general 
knowledge of the maintenance and oper- 
ation of all mechanical equipment and 
devices in plant. 

Class C operators should: [1] have a 
grammar school education or its equiva- 


lent; [2] have 1 year experience in 
water treatment plant operation; and 
[3] have knowledge of the procedure 
and interpretation of the necessary con- 
trol tests. 


Education Factor 


The committee felt that, although it 
was necessary to allow credit to those 
individuals who had a higher education, 
it was also necessary that all classifica- 
tions be kept open to those who had 
limited schooling but had achieved vari- 
ous degrees of practical education 
through experience in water treatment 
plant work. A person having 1 year 
of operational experience or 6 months 
in responsible charge of plant operation 
was to be considered as having the 
equivalent of 1 year of high school 
work, and satisfactory completion of a 
recognized course in water treatment 
plant operation was to be considered as 
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equivalent to 2 years of high school 
work. 

In determining the educational 
equivalent, however, the years of ex- 
perience required in the class for which 
application was made were first de- 
ducted from the total experience of the 
applicant. An operator who applied 
for a Class A certificate, for example, 
and who had 8 years of operation ex- 
perience of which 3 were spent in re- 
sponsible charge of his plant, deducted 
5 years’ experience. This would leave 
3 years of experience, all spent in re- 
sponsible charge, considered as equiva- 
lent to 6 years of high school work, 
making the applicant eligible for a 
Class A certificate as far as the educa- 
tional requirement was concerned. 

An applicant for a Class B or Class 
C certificate needed the equivalent of a 
grammar school education as evidenced 
by his ability to read, write, and per- 
form the arithmetical computations to 
keep the necessary records. 


Experience Factor 


The committee acknowledged that 
experience in actual operation work and 
the ability of the applicant to bear re- 
sponsibility should be given recognition 
in establishing qualifications for com- 
petency certificates. The term “re- 
sponsible charge” referred to operation 
experience with executive responsibility 
and was made to include only experi- 
ence as a water plant superintendent. 
It will be noted that an applicant for 
Class B or C certificate, needed no 
experience in responsible charge, but 
were required to have a certain speci- 
fied amount of experience in some 
phase of plant operation. 

The requirements remained the same 
until 1940, when a new class—Class 
AA—was established. The addition 
came as a result of the discovery that 
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there were a number of water treatment 
plant operators whose qualifications 
were above those of Class A. At the 
same time, it was felt that, as the sew- 
age treatment plant operators had set 
up qualifications for their plants, the 
water plant certificate of competency 
standards should be comparable. The 
highest grade of sewage operators re- 
quired considerably higher standards 
than those of Class A. Instead of re- 
classifying the entire personnel who had 
already received certificates, a new class 
was added. The requirements for Class 
AA were that the operator should: [1] 
have 4 years of university work in 
chemistry, or civil, sanitary, mechani- 
cal, or chemical engineering, or equiva- 
lent work; [2] have 6 years of experi- 
ence in water treatment plant operation, 
of which 4 years were to represent re- 
sponsible charge of plant operation ; [3] 
be able to make and supervise the neces- 
sary laboratory physical, chemical, and 
bacteriological plant control tests and 
their interpretation; [4] be in charge 
of the maintenance and operation of all 
mechanical equipment and devices for 
proper operation of water treatment 
plant; and [5] be responsible for oper- 
ation and supervision of a plant. 

It also became possible for an oper- 
ator who was not a college graduate 
to meet the college educational require- 
ment in that 2 years of operational ex- 
perience or | year in responsible charge 
of plant or satisfactory completion of a 
recognized course in water treatment 
plant operation was to be considered as 
the equivalent of 1 year of college work. 

In 1940, the State Department of 
Public Health and the advisory com- 
mittee proposed that the voluntary cer- 
tificates of competency for water treat- 
ment plant operators be extended to in- 
clude operators of water supplies in 
which no treatment was involved. Edu- 
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cational and experience requirements 
were set at a minimum—grammar 
school or equivalent and 1 year of ex- 
perience. All Illinois utilities personnel 
were contacted, but so few showed any 
interest that the plan was never 
established. 

The class of certificate that an oper- 
ator receives is based entirely upon 
training and experience, and no exami- 
nations have been held, nor is it con- 
templated that any will be held. It has 
been necessary, however, to refer sev- 
eral applications in the past to the ad- 
visory committee for a decision on the 
type of classification an operator should 
obtain. 

When an operator desires to be con- 
sidered for a certificate of competency 
he makes application to the department 
of health. In the application form, he 
is asked to submit three letters of rec- 
ommendation, and considerable weight 
is placed on both their contents and the 
position of the recommending person 
in the community. If the grade of the 
applicant is below that of a chief oper- 
ator, one of the references must be 
from the chief operator, superintendent, 
or a member of the water works com- 
mittee. 


Encouragement and Opposition 


In 1940, the Illinois Section of 
AWWA adopted a resolution at its 
annual meeting urging “all eligible per- 
sons to apply for license.” This resolu- 
tion served to unite water works per- 
sonnel behind certification and to an- 
nounce the value of trained personnel 
to the public. 

With the outbreak of the typhoid 
fever epidemic at the Manteno State 
Hospital in 1939, considerable interest 
was aroused in licensing of water works 
personnel and the necessity of having 
qualified operators in a utility which 
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was so vital to the health of every citi- 
zen in the community. A bill was in- 
troduced in the 1941 senate of the state 
legislature for the licensing of water 
plant operators. The bill never became 
law and, in 1946, the Illinois water 
plant operators appointed a licensing 
committee which did _ considerable 
ground work in helping to prepare an- 
other bill on licensing. The bill pro- 
posed to the 1947 legislature that an 
examining board made up of the di- 
rector of public health, the senior pro- 
fessor of sanitary engineering at the 
University of Illinois, three members 
appointed by the governor (one to be 
a municipal official and the two others 
to be qualified operators) be set up. 
The board would have the privilege of 
establishing minimum qualifications, 


and the license would be issued by the 
State Department of Registration and 
Education, inasmuch as that depart- 
ment handles all licensing of persons 


within the state government. The bill 
was referred to committee where con- 
siderable objections from organized 
labor officials were raised. It was mu- 
tually agreed in committee, therefore, 
that if the operators cared to submit 
another bill in 1949 it might be possi- 
ble to work out with the union officials 
legislation satisfactory to organized 
labor. A similar bill was introduced in 
1949 but for a third time failed to pass 
because of organized labor’s opposition. 
Although no bill to date has managed 
to progress past the committee stage, 
an understanding was reached that ac- 
tivities towards licensing would be 
withdrawn temporarily to allow organ- 
ized labor to find a satisfactory solution 
for the next session. It is interesting 
to note, however, that although legis- 
lation to license water plant operators 
was not forthcoming in the 1949 ses- 
sion, the Sanitary Water Board Law 
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(2) was completely revised. In the 
law, which deals broadly with the pre- 
vention and abatement of stream pollu- 
tion in Illinois, the board was given 
power to license sewage treatment plant 
operators. Again, in 1951, a bill for 
licensing was introduced and organized 
labor again offered objections, princi- 
pally on the basis that in several of the 
larger water plants in the state (espe- 
cially in Chicago) the operators were 
members of the operating engineers 
union and there was no need that an- 
other agency determine qualifications 
for the requirements to perform the 
duties of a water plant operator. Dur- 
ing discussions with the leaders of or- 
ganized labor and those legislators in- 
terested in licensing, however, it was 
agreed that the bill for licensing water 
plant operators be dropped and that a 
public water supply control law be in- 
troduced instead. The bill (3), which 
passed, gives the department of health 
powers relative to the sanitary quality, 
mineral quality, and adequacy of a 
supply. It also states that, whenever 
a supply becomes contaminated or is 
subject to contamination, the depart- 
ment may hold a hearing and issue 
orders for the necessary corrections. 
Under the same bill, the department 
requires the submission of plans and 
specifications for all new or improved 
water works facilities. The depart- 
ment also requires the submission of 
samples for analyses and copies of oper- 
ating reports. Owners and operators 
of water utilities are responsible for 
the qualifications of their operating per- 
sonnel, however. The operators and 
others interested in licensing, realizing 
the impossibility of having a licensing 
law passed in Illinois, withdrew their 
support for a licensing act, so that or- 
ganized labor backed the Public Water 
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Supply Control Act which was passed 
in the 1951 legislative session. 

It is interesting to note that in IIli- 
nois, at the present time, those who 
must hold a license before being al- 
lowed to practice their profession in- 
clude not only physicians, chiropractors, 
osteopaths, midwives, and many others 
in the medical field, but also funeral di- 
rectors, barbers, beauty operators, and 
automobile drivers. 


Present Status 


At the present time, 437 certificates 
of competency have been awarded—34 
in Class AA, 89 in Class A, 206 in 
Class B, and 108 in Class C. There 
have been 27 who changed from Class 
C to B; 25 from Class B to C; and 8 
from Class A to AA. It is to be noted 
that the certificates are only for water 
treatment plant operators and that the 
437 certificates issued represented oper- 
ators from 139 plants. As there are 
317 points of supplies which provide 
some type of treatment in Illinois, only 
a little more than 30 per cent of total 
treated supplies have an operator hold- 
ing a certificate of competency. In 
1949, approximately 50 per cent of 
treated supply points had a certified 
operator. 

Certificates are issued to the oper- 
ator and have no relation to the size 
of the plant, as it is felt that the same 
principles of treatment apply in both 
large and small plants. 

There has been no concerted effort 
on the part of the committee, the wa- 
ter works operators organizations, or 
the State Department of Public Health 
to urge or promote this voluntary plan. 
There is no requirement that an oper- 
ator must obtain a certificate. At the 
present time the issuance of a certificate 
is part of the health department’s pro- 
gram to promote the efficient and eco- 
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nomical operation of water treatment 
plants, so that there are no assessments 
or fees necessary to obtain the cer- 
tificate. 

Many unusual and interesting angles 
have developed with the issuance of 
certificates of competency. The pro- 
gram has reflected credit not only on 
the water works operator, but, in the 
words of a city official: “The mayors 
and councils are the ones who really 
benefit from this idea, for when a man 
working for you receives recognition, 
the boss also comes in for a share of 
the credit.” A newspaper in a good- 
sized city said: “Our city is to be con- 
gratulated that a man of that class is 
in charge of such vitally important 
work.” For the first time in many 
areas, the community leaders, who 
most often submitted letters of recom- 
mendations for the personnel, have 
taken a personal interest in the water 
works and its personnel. The Illinois 
master plumber’s publication stated : 


It may be added that neither sewer sys- 
tems nor water supply systems operate 
entirely automatically—they require the 
constant attention of men who know their 
business if they are to function so as to 
provide pure water and eliminate sewage 
in a way that maintains sanitation. These 
certificates issued by the Division of Sani- 
tary Engineering extend a long-delayed 
and long-merited recognition to a class 
of public employees that come rarely to 
public attention but upon whose efficiency 
and integrity the health of communities 
depends in no small measure. 


Generally, with a voluntary plan 
only the qualified and interested take 
an active part in obtaining recogni- 
tion—the unqualified and the uninter- 
ested have little incentive te become 
certified. A voluntary plan is of little, 
if any, value to an operator desirous 
of holding a job or gaining advance- 
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ment, unless the owners and operators 
of water supplies desire to be guided by 
such a voluntary program. There were 
high hopes among the operators that 
the starting of a voluntary plan could 
be a stepping stone for licensing, but 
these hopes have been banished. The 
department of health, however, has 
heard of several veterans who, when 
returning to their jobs, received better 
ratings because they held certificates. 
Another example of the certificate’s 
value has been given by several Illinois 
state penitentiaries having water treat- 
ment plants. Officials encouraged the 
inmates who work at the water plant 
to obtain certificates of competency, and 
several have been issued. Although no 
parolee is known at present to be em- 
ployed in a public water plant, during 
the last war several obtained such posi- 
tions in the service when they produced 
certificates of competency from the 
State Department of Public Health. 
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The certificates of competency in 
themselves have not been of much help 
to the department of health except as 
a way of finding out the basic quali- 
fications and interest of those employed 
at the water treatment plant. Under 
the voluntary plan, the department has 
no power to require the dismissal of 
incompetent operators or the hiring of 
qualified ones. This is still the re- 


sponsibility of the owners and oper- 
ators of public water supplies in I linois. 
The plan, however, does tend to pro- 
mote the efficient operation of water 
treatment plants, which is a part of the 
program of the department. 


References 
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Meeting, Chicago, Ill. 


Sewerage, Madison, Wis. 


N the Midwest, particularly in Min- 

nesota, Iowa, Illinois, and Wis- 
consin, a considerable number of the 
public water supplies are obtained from 
deep wells. This is also more or less 
true of North and South Dakota, Kan- 
sas, and Nebraska, as well as of other 
more limited areas in the United States. 
For the most part, well water is drawn 
from sandstone formations. The tech- 
nique of developing such wells has im- 
proved tremendously in the last decade. 
In the Wisconsin area, electric power 
is abundant and rates are reasonable, so 
that electric pumping is used in a sub- 
stantial majority of these installations. 
This has resulted in the development 
of so-called unit wells, which are self- 
contained pumping stations from which 
the water is pumped directly to the dis- 
tribution system. In smaller communi- 
ties, with populations of 5,000 or less, 
generally one well—with elevated stor- 
age—is sufficient. As cities increase in 
size, unit wells are located at various 
points throughout the city as required. 
In Madison, at present, there are ten 
separate units, in addition to a steam- 
powered pumping station. It is ex- 
pected that two new unit wells will be 
developed in 1957. 


Developments in Well Production 
and Maintenance 


Panel Discussion 


A panel discussion presented on Mar. 21, 1957, at the Illinois Section 


Madison, Wis.—Elmer L. Nordness 
A paper presented by Elmer L. Nordness, Supt. of Water Works and 
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When the steam-powered station was 
built 39 years ago, it was felt that such 
a station independent of electrical 
power was needed because of the pos- 
sibility of electrical outages. In the 
early days, this was necessary, but with 
the increased reliability of electric serv- 
ice, this factor is no longer as important. 
Almost all of the electric units are 
equipped with turbine or centrifugal 
pumps which operate most efficiently 
through a comparatively small range 
of pressure. The steam-powered sta- 
tion is equipped with horizontal cross- 
compound pumping engines which are 
governed by the pressures in the dis- 
tribution system, thus reducing fluctua- 
tions in pressure to a minimum and en- 
abling the electrically driven units to 
operate at their highest efficiency. 


Wells at Madison 


The city of Madison has always ob- 
tained its supply from deep wells. A 
brief discussion of the local develop- 
ment of the deep wells in the last 60 
years may be desirable because it is 
more or less typical. The first wells 
drilled in the early 1880’s were of 4- 
and 6-in. diameters and, up to the 
year 1910, the largest diameter was 8 
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in. In 1910, 10-in. wells were de- 
veloped. This diameter increased to 
16 in. by 1924. In 1930, and since that 
date, wells from 24 to 36 in. in diameter 
have been developed, the largest size 
in Madison having an outer casing of 
37 in. Ground water supplies are logi- 
cally divided into shallow supplies and 
deep-well supplies. Shallow supplies 
consist of water from lakes, rivers, and 
sand and gravel formations rather close 
to the surface of the ground. The deep- 
well supplies consist of those obtained 
from the consolidated formations which 
generally occur below 50 ft. In the 
midwestern well areas, there is invari- 
ably an impervious layer of clay or 
shale between the loose formations and 
the sandstone rock. This impervious 
layer of clay separates the shallow wa- 
ter from the deep-well water. A rather 
spectacular example of this occurred in 
a local well drilled several years ago. 
This well was drilled less than 300 ft 
from one of the lakes in Madison and, 
when the well was fully developed, the 
static level was 30 in. above that of 
the lake—which indicated very clearly 
that the water from the deep well was 
definitely separated from the surface 
waters. In Madison, the top of the 
rock is found at a depth of 750 ft, so 
that the well proper extends through 
700 ft of sandstone. The sandstone 
formations are not uniform and, in the 
upper layers, considerable iron forma- 
tions are found. Water pumped from 
these formations generally carries 1-3 
ppm iron, which is definitely objection- 
able. It is more economical to case off 
this water rather than provide the iron 
removal plant which would be neces- 
sary if the water were to be used. 


Construction 


In the construction of Madison’s 
wells, a large outer casing is used, gen- 
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erally 30 in. in diameter. This casing 
is driven through unconsolidated forma- 
tions into the top of the rock which is 
generally more or less decomposed. 
Attempts are then made to drive the 
outer casing down into the rock about 
10 ft, at which point the solid forma- 
tions are usually encountered. The 
hole diameter is then reduced to about 
28 in. and drilled below iron-bearing 
formations where the 24-in. inner cas- 
ing is set and grouted in. A 22-in. hole 
is then continued to granite, a careful 
record being kept of the formations 
encountered. 

The inner casing has a depth of from 
100 to 300 ft, depending upon the depth 
of the undesirable sandstones which are 
found. After drilling is completed, a 
test pump is installed and a test is run 
to determine the specific capacity of the 
well. 

Having a straight hole in the top 
400 ft of the well is extremely impor- 
tant. Pumps will not run long in a 
crooked hole and the failure always 
seems to come during heavy pumping 
periods. 


Shooting of Wells 


The specific capacity of a well is the 
rate of pumping in gallons per minute 
divided by the number of feet of draw- 
down. If the specific capacity is 20 or 
more, no shooting is done because the 


sandstone formations are _ generally 
rather soft. In the majority of cases, 
however, the specific capacity is only 
10-12 and shooting of the well is 
desirable. 

In consolidated formations where the 
specific capacity of a well is rather low 
and where the rock formations are 
hard, the quantity of water which can 
be obtained from a well may sometimes 
be increased by shooting. Shooting a 
well consists of lowering into the well 
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an explosive provided with a detonat- 
ing cap and a pair of wires which ex- 
tend to the surface and by which the 
cap and explosive can be detonated. 
There are many factors to be borne in 
mind if this procedure is to be under- 
taken and some of the most important 
are: 

1. Shooting a well should not be un- 
dertaken except upon the advice of an 
experienced person, as the location and 
size of shots are important in securing 
best results. In some states, a licensed 
blaster is required. This possibility 
should always be checked before blast- 
ing. 

2. Both pressure and temperature 
tend to influence the effectiveness of 
explosives. Therefore, a recommenda- 
tion from the company furnishing the 
explosive is desirable. In the Middle 
West, shots of 50-200 Ib of 80 per cent 
high-velocity gelatin are used in wells 
of 16 in. diameter or larger. 

3. The container for the explosive 
should preferably be cast-iron soil pipe 
or a galvanized-iron container suffi- 
ciently strong to prevent water from 
coming in contact with the explosive. 
It should be as large in diameter as 
possible, contingent upon the size of 
the hole, because the water between the 
bomb and the side of the hole acts as 
a cushion which should be as thin as 
possible. In some cases, successful 
shots have been made by simply putting 
the dynamite in a canvas bag. 

4. Extreme care should be used in 
the amount of explosive used in the first 
shot, for, very often, such a large 
amount of material is loosened that it 
is almost impossible to bail out; holes 
have actually been lost by being over- 
shot. Here again, experienced advice is 
extremely desirable. 

It has been the policy at Madison 
not to fire shots at a depth less than 
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200 ft below the casing. This precau- 
tion is taken to prevent damage to the 
casing. In general, shots should be 
located in the coarser formations be- 
cause these usually carry the greatest 
amount of water. During the drilling 
of a well, it is desirable to record the 
static water levels each day. It will 
be found that the static water level 
rises when certain formations are en- 
countered. It is good policy to shoot in 
these formations. Occasionally, forma- 
tions may be encountered in which the 
static water level lowers. This means 
that these formations are absorbing 
water. If such formations are encoun- 
tered in the lower levels, they should 
be cased off; if they are found in the 
upper formations they offer no prob- 
lem because they will produce water 
when the water level is drawn down in 
the well during pumping. 

After shooting at a given location, 
the hole is bailed out, a test pump in- 
stalled, and a specific capacity test run. 
Shooting then proceeds at some other 
location, with customary bailing and 
testing. It is sometimes desirable to 
do further shooting in the location 
which gives the greatest increase after 
the first shooting. When the shooting 
is finally completed, the hole is bailed 
out, the test pump installed, and a 3- 
or 4-hr test run, after which the pump 
is removed and the hole again bailed 
out. This procedure is continued until 
no sand falls into the hole. After this, 
a 24-hr run of the test pump is made. 
If no sand is loosened in this test run, 
the hole is considered to be completely 
developed. Although this is an expen- 
sive procedure, a well developed in this 
manner can be used for a longer period 
before bailing than one developed by 
less expensive techniques. 

Practically every well in the con- 
solidated formations eventually fills par- 
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tially with sand. The pumping station, 
therefore, should be designed to permit 
a well rig to be set over the hole when 
necessary to bail out the well. It is 
also desirable to use a large-capacity 
test pump, preferably one having a ca- 
pacity 50 per cent greater than that of 
the permanent pump, as the use of such 
a pump tends to loosen the sand so that 
it can be bailed out before the perma- 
nent pump is installed. 

“An ounce of prevention is worth 
a pound of cure” applies to the mainte- 
nance of wells in that proper construc- 
tion of the well when drilled will help 
avoid costly expenditures later. 


Large-Diameter Wells 


Large-diameter wells should be 
drilled. This is advisable for three rea- 
sons: [1] If a large drive pipe is used, 
the annular space between the well 
casing and the drive pipe can be 
grouted so that no maintenance will be 


necessary, even if either the casing or 
drive pipe—or both—corrode or rust 


through. [2] The selection of a large- 
size well is also desirable because a 
pump can be installed with large-diame- 
ter bowls which reduce the number of 
pump stages required. [3] Even if the 
well is cased by the drive pipe only, it 
should be large enough so that if it cor- 
rodes through, a liner can be installed 
which will permit the well to be re- 
stored to service. 


Development 


A well should be completely de- 
veloped at the time it is drilled. This 
means that the original well should be 
drilled to the maximum depth neces- 
sary to completely develop the water 
bearing formations. In Madison, the 
wells are drilled to the pre-Cambrian 
rock or granite so that all of the water 
in the sandstone formations will be 
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available. Before the well driller leaves 
the job, tests should be run and, if the 
quantity of water is not as great as de- 
sired, the well should be shot and 
bailed out at once. 


Pumphouse 


The pumphouse should be con- 
structed in such a manner that the well 
rig can be located over the hole with- 
out disturbing the building. A large 
percentage of wells require periodic 
bailing and other maintenance which 
involve the use of a well rig. In the 
selection of pumping equipment, con- 
siderable maintenance can be elimi- 
nated if the deep-well pump is required 
to pump the water to the surface of the 
ground only, with furthe: work done 
by booster pumps. This will mean that 
there will be less work required in the 
hole and, therefore, a smaller number 
of stages. Incidentally, the combina- 
tion of a deep-well pump and a booster 
pump ordinarily results in higher ef- 
ficiency than if the deep-well pump is 
required to pump directly from the well 
into the distribution system or indus- 
trial plant. 


Repairs 

Some repairs are quite common, such 
as that needed in a well which had 
been in service approximately 20 years 
and which had showed a progressive 
reduction in specific capacity. When 
the pump was pulled, there was no 
evidence to indicate any loss of effi- 
ciency in it, but the well was found to 
have filled up with the sand to about 
200 ft from the bottom. The well was 
bailed out and the original specific 
capacity obtained. During the pump- 
ing test, however, the specific gravity 
gradually increased until it was about 
20-25 per cent greater than the original 
capacity. When the pump was re- 
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moved it was found that there was a 
soft spot in the sandstone formation 
which had caused the lower 50 ft of 
the well to fill. It was quite clear that 
the lower 50 ft of the well was actu- 
ally absorbing water so that it never 
bailed out. The well is still producing 
water with a specific capacity higher 
than when it was drilled—about 30 
years ago. 

One of the most interesting well re- 
pair jobs occurred at the main station 
well. This well had a 30-in. drive pipe 
and a 24-in. casing, and was pumped by 
airlift. It originally produced approxi- 
mately 3,000 gpm with a drawdown of 
about 75 ft. After this well had been 
in operation 5 or 6 years, the specific 
capacity began to drop off and it was 
found that sand was being pumped with 
the water. The well was bailed out and 
no difficulty was encountered for an- 
other 5 years, when the well began 
to produce large quantities of sand. 
Again it was bailed out and the pump 
replaced, but a large quantity of sand 
continued to be pumped up with the 
water. Originally, the capacity of the 
sand basin associated with the clear 
well was about 40 cu yd and this had to 
be cleaned roughly every year. Before 
the repair was made, 40 cu yd of sand 
was being pumped up in approximately 
a month or 6 weeks. Obviously, the 
cost of cleaning the sand basin this often 
was prohibitive. The rock formations 
encountered during the drilling were 
comparatively soft and no shooting was 
done. During the 10 years in which 
this well was used, however, the water 
rushing toward the well had appar- 
ently dissolved enough of the cement- 
ing material so that what was originally 
sandstone formation had become sim- 
ply sand. It was clear that if this well 
were to be of further service the sand 
pumping would have to be eliminated. 
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A study of the problem indicated that 
the installation of a suitable screen, with 
gravel packing between the screen and 
the open hole, would be necessary. In 
working out the details, several factors 
had to be considered. First, it was 
clear that if the screen was installed 
and the gravel packed back of it, it 
could never be removed, and the life 
of the well would be dependent ypon 
the life of the screen. The screen 
finally selected for this purpose was 
made of a copper-silicon alloy,* and its 
life was estimated to be at least 25 
years. The screen was constructed of 
pipe, 12 in. in diameter, with slots 1.5 
in. in length and ;°; in. in width, with 
staggered spacing. 

It was also recognized that the gravel 
which was to be placed around the 
screen might eventually clog it, re- 
quiring acid treatment. For this rea- 
son, a granite gravel was selected, be- 
cause this would not be affected by acid 
as would limestone or sandstone gravel. 
The gravel used was 4 X } in., well 
rounded and graded. This size was 
used in order that it would not pass 
throught a ;*;-in. slot but would flow 
readily for proper placing. 

The depth of the hole to be developed 
was 720 ft. It was decided to support 
the screen on the end of the eduction 
pipe. Inasmuch as this was 450 ft long, 
270 ft of screen was ordered. The 
opening at the lower end of the bottom 
length of the screen was closed with a 
welded-on flat plate. This plate rested 
on the bottom of the hole which had 
been filled to the proper point to form 
a cushion. The entire weight of the 
screen, however, was carried by the 
eduction pipe, as a clamp, attached to 
the top of the eduction pipe, rested on 
the well casing. 


* Everdur, a product of the American Brass 
Co., Waterbury, Conn. 
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The screen was welded with a special 
jig, to insure alignment. The welder 
tacked the two pieces of screen and 
then removed the jig to complete the 
welding. The screen was lowered with 
a well rig. The connection between the 
14-in. eduction pipe and the screen was 
made by welding a 12-in. pipe coupling 
inside the lower end of the 14-in. pipe 
and inserting in it a 12-in. nipple which 
was welded to the top of the screen. 

It was decided to feed the gravel, 
which was to surround the screen, 
through the eduction pipe and two slots 
4 x 16 in. were cut in the pipe near its 
bottom. To prevent the gravel from 
working inside the screen, a cast-iron 
plug was screwed into the 12-in. cou- 
pling before the 12-in. nipple was in- 
serted. This plug was subsequently 
drilled out when the gravel packing 
back of the screen was completed. 

A heavy sash weight on the end of a 
piano wire was used as a plumb to 


ascertain the depth of the hole filled 
with a measured quantity of gravel. It 
was also important to be sure that the 
gravel was not bridging but was ac- 
tually reaching the proper location back 


of the screen. In order to have a defi- 
nite measurement of the quantity of 
gravel that was being poured into the 
eduction pipe, 50-gal oil drums, rein- 
forced with flat steel and provided with 
a bail, were used. In view of the fact 
that 150 cu yd of sand had been pumped 
out in the 4 months immediately pre- 
ceding the repair and that, before that 
time, at least 50 cu yd had been re- 
moved from the sand basin at various 
times, it was felt that at least 200 cu yd 
of gravel would be required. Only 
about 100 cuyd was necessary, how- 
ever. This was a result of the fact that 
the sand had washed out in thin layers 
of only 12-18 in. in thickness. The 
openings went back into the sandstone 
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formation probably 10-20 ft, but there 
were no large open spaces requiring a 
large amount of gravel at any one point. 
It was quite clear that gravel could not 
be forced back more than 3 or 4 ft be- 
cause of the thinness of the soft forma- 
tions. After the gravel had filled to 
the top of the screen, it was decided to 
fill the annular space between the educ- 
tion pipe and the well casing to provide 
an additional head on the gravel with 
which to force it back into the openings. 
To do this, it was necessary to cover 
the 4 x 16-in. slots with a 12-in. pipe, 
about 8 in long, which fitted very nicely 
in the 14-in. eduction pipe. This pipe 
was lowered into the eduction pipe until 
it hit the nipple. After the slots had 
been closed, the gravel was poured into 
the annular space until it was filled. 
The airlift equipment was then rein- 
stalled and the well pumped. Pumping 
was started and stopped several times 
because the starting and stopping action 
causes considerable vibration which 
would tend to force the gravel further 
back into the openings. In this in- 
stance, however, the gravel lowered 
only about 8 ft in the annular space. 
The well was then put back into service. 


Results 


The original pumping rate was 3,000 
gpm, and when the well was first put 
back into service, it was pumped at 
2,500 gpm, with no evidence of sand. 
The rate was gradually increased until 
a small quantity of sand began to come 
up—at 2,800 gpm. When the well was 
put into service permanently in Novem- 
ber 1944, it was pumped at a rate of 
2,700 gpm. The cost was approxi- 
mately $10,000. 

The airlift equipment has since been 
removed and an electric pump installed 
because of its lower pumping cost. In 
recent years, the pumping rate has been 
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reduced because sand has appeared, 
but, despite this the investment has 
proved to be excellent having saved the 
well at about one-third the cost of a 
new one of the same capacity. 


“Tron Bacteria” 


About 2 years ago, water from one 
of the wells displayed rusted particles 
and a very high chlorine demand. The 
conclusion was that Crenothrix, or 
“iron bacteria,” were present 

Several gallons of sodium hypochlo- 
rite solution * were poured into the well 
between the pump column and the well 
casing and left overnight. The next 
day a sample of the well water showed 
no chlorine residual. More chlorine 
was added until a heavy chlorine re- 
sidual was obtained. The pump was 
then started and stopped a number of 
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times, allowing just enough time to 
permit the water to rise to the surface 
on the expectation that heavily chlo- 
rinated water would recede into the 
iron-bearing formation and kill the 
iron growth there. 

The expectation was correct and the 
cure sufficiently complete so that, with 
very heavy chlorine dosage applied 
daily and a heavy chlorine treatment in 
the well itself about once a year, the 
well produces satisfactory water. 

Many years ago marsh gas odor was 
detected in the water from a well being 
pumped directly into the mains with a 
deep-well pump. The gas was elimi- 
nated by constructing an adjacent reser- 
voir with an aerating house, by the in- | 
stallation of a high-service pump to de- 
liver the water to the system, and by 
having the deep well pump deliver to 
the reservoir. 


——l[llinois—Harman F. Smith and Robert T. Sasman 


A paper presented by Harman F. Smith, Head, Eng. Subdivision, and 
Robert T. Sasman, Assoc. Engr., of the Illinois State Water Survey, 


Urbana, Ill. 


During the past 70 to 80 years, the 
use of ground water in Illinois has de- 
veloped on an immense scale. In ad- 
dition to the increasing development 
of large municipal and industrial sup- 
plies, numerous smaller communities 
are installing public water supplies and 
rural homes are coming to rely on pri- 
vate water distribution systems in place 
of the “old oaken bucket.” The num- 
ber of Illinois municipalities having 
public ground water supplies has in- 
creased from approximately 300 in 
1925 to 625 in 1957. The increasing 


* Product used was B-K liquid hypochlo- 
rite, manufactured by Pennsylvania Mfg. Co., 
Philadelphia, Pa. 


installation of dishwashers, automatic 
and conventional washing machines, 
food waste disposers, and other water- 
requiring appliances is resulting in more 
water being used in homes. Industries 
are demanding large quantities of water 
for cooling and air-conditioning pur- 
poses, and increasing use is being made 
of water for irrigation and other agri- 
cultural requirements. Ground water 
used in Illinois during 1956 was more 
than 600 mgd. 

In Illinois cities of 15,000 to 50,000 
population, residential water use has in- 
creased 15 gped during the past 15 years. 
Present indications are that, in these 
same communities, the residential de- 
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mand may increase as much as 20 gpcd 
by 1970. 


Advancement of Well Construction 


In order to keep pace with this grow- 
ing demand for ground water, well con- 
struction has developed considerably. 
Dug wells, formerly prominent through- 
out the state, now usually receive con- 
sideration only in areas where ground 
water resources are limited and where 
only very small quantities of water are 
needed. Seventy to 80 years ago, 
drilled wells finished in unconsolidated 
sand and gravel deposits were of tubu- 
lar design, with only an open bottom or 
slotted casing to allow water to enter 
the well. Since 1900, screened wells 
have continually increased in impor- 
tance. More recently, large-diameter 
gravel-packed wells, porous-concrete 


screen wells, and perforated-concrete 
pipe wells have become increasingly 
popular. 


Bedrock wells were commonly fin- 
ished 6-8 in. in diameter in the early 
1900’s. Wells of recent design are often 
finished 16-20 in. in diameter. These 
large well bores not only allow water to 
enter at a lower velocity, but also per- 
mit the installation of large-size pumps 
required to raise large volumes of wa- 
ter from great depths, as in the deep 
sandstone in northeastern Illinois. 

In line with increased water use and 
improved drilling techniques, improved 
methods of well rehabilitation are help- 
ing to increase the service life of wells 
after they are drilled. Wells of dimin- 
ished capacity can often be returned to 
near the original productivity by one of 
several rehabilitation methods. Wells 
finished in unconsolidated formations 
often respond favorably to treatment by 
polyphosphate, acid, or pump surging. 
Using hydrochloric acid in limestone 
wells and shooting sandstone wells 
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with explosives often increases produc- 
tion from bedrock aquifers. 


Areas of Development 


Although well construction and re- 
habilitation techniques have steadily ad- 
vanced, the investigation of ground wa- 
ter resources throughout the state must 
continue to play a significant role in the 
development of adequate water sup- 
plies. Not only state agencies, but mu- 
nicipalities, consulting engineers, well 
drillers, and well owners can help meet 
the growing need for detailed informa- 
tion. Even the best constructed well 
will not produce water from a poor 
aquifer. 

Illinois has several good ground wa- 
ter producing areas. There are many 
areas in the state where water in large 
quantities is being obtained from shal- 
low wells finished in the glacial drift. 
The wells are usually less than 300 ft 
deep, and many finished in river flood 
plains such as the Mississippi, Illinois, 
and Wabash rivers, are no more than 
100 ft deep. Comparatively large quan- 
tities of water are being secured from 
sand and gravel wells in the east-central 
part of the state and in much of the 
flood plains of the Mississippi, Illinois, 
Wabash, and Kaskaskia rivers. 

In a much smaller part of the state, 
ground water is secured from the lime- 
stone and dolomite bedrock underlying 
the unconsolidated materials. Large 
quantities of water are being secured 
from urban areas surrounding Chicago 
and from a few isolated areas where 
considerable crevicing was encountered. 
These wells are seldom more than 500 
ft deep and, at several locations, their 
depths are less than 200 ft. 

Throughout northern Illinois it is 
possible to secure usable ground water 
in large quantities from wells drilled 
deep into bedrock. The depth of these 
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wells is rarely less than 1,000 ft, with 
many of them drilled to depths of nearly 
2,000 ft. The deepest active well is at 
Peru and has a depth of 2,665 ft. 
Lesser quantities are being secured 
from wells in several isolated areas. 


Summary 


For the most part, Illinois ground 
water resources have not been over- 
taxed, but, at some places, where large 
concentrations of population have re- 
lied on ground water, problems are ap- 
pearing. These local problems have 


There was a time, when this coun- 
try was young, when communities were 
small and populations thin, that a wa- 
ter well was considered nothing more 
than a convenient hole in the ground. 
In those days, when the standard of 
living was not anywhere near what it 
is today, water was considered to be 
very much like religion—free to every- 
one, and only the piper to be paid. 

Today, water has become a product 
—made one by the people’s demands 
that it be available in unlimited quan- 
tity. It has become a product of which 
the standard of living now demands 
that it always be cold enough, clear 
enough, and even wet enough to suit 
the most whimsical among us. 

If one operates a private water com- 
pany or a municipal one operating on 
a profit-and-loss basis, he will realize 
that water is something which people 
now consider as any other product that 
they buy and for which they pay. 
Both from the standpoint of price and 
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Kalamazoo, Mich.—Paul Sabo 


A paper presented by Paul Sabo, in charge of drilling for the City of 
Kalamazoo Water Utility, Kalamazoo, Mich. 


led many to suspect that ground water 
resources throughout the state are fail- 
ing. 

It appears that there are many areas 
of the state where additional quantities 
of ground water can be secured. The 
state’s ground water resource can be 
enjoyed for many years to come if its 
development is planned wisely. This 
planning should, of course, be on a 
long-term basis with much considera- 
tion given to conservation. To think 
of conservation, however, as hoarding 
or unnecessary restriction of use is 
neither necessary nor wise. 


quality, therefore, it is in competition 
with every other product bought. 

A well, then, is no longer just a con- 
venient hole in the ground; it must be 
considered as the source of supply for 
the product to be produced, distributed, 
and sold at a profit—at a price that, for 
all practical purposes, is set by the con- 
sumers. 

The well, therefore, must be a highly 
efficient part of the overall operation 
of the business. To be so it must be 
constructed in the most suitable area 
available, and developed, not just as a 
water well, but as a production well. 

If one is to keep pace with the ex- 
pansion, or even the year-to-year de- 
velopment of a community, he cannot 
afford not to be active in the real-estate 
business. He must be active, even if 
only to the degree of continually secur- 
ing options on likely well sites, and 
exercising these options by surveys, by 
resistance methods, and by test wells. 
In addition, geologists and hydrologists 
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have made great strides in mapping 
underground formations and water 
movement and one should not be guilty 
of ignoring these findings. 

A dry well or a bad well is just about 
as costly to construct as a good one. 
In other words, the locations of produc- 
tion wells are based on knowledge of 
the area, derived from early explora- 
tion work that indicates, beyond much 
doubt, that water is available in a quan- 
tity and of a quality that is profitable 
to produce, distribute, and sell. Fur- 
thermore, between the time of explora- 
tion and construction it may have been 
possible to guide the expansion of the 
distribution system so that the size and 
location of the grid make costly feeder 
mains virtually unnecessary. 

The development of the production 
well into a long-time efficiently pro- 
ducing unit is perhaps the least under- 
stood, the most abused, and yet the 
most important factor in the construc- 
tion of a well. 

Before any well can be considered a 
success, it must pass all state and local 
requirements of isolation, depth, purity, 
and other, similar points. It must also 
be constructed in a location that will 
not disrupt the production of any exist- 
ing well. It’s construction should be 
of proper materials employed in the 
best workmanlike manner possible, and 
it should furnish a suitable amount of 
potable water at the greatest possible 
efficiency. Finally, it must maintain ef- 
ficiency year after year with a minimum 
of maintenance. 


Sampling of Strata 


In constructing or maintaining a 
well it must be kept in mind that the 
capacity of the drift formation in which 
the well is situated is governed by the 
texture and depth of the water-bearing 
strata available, in conjunction with the 
recharge rate and area. Samples from 
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test wells, therefore, should be carefully 
taken with respect to recording the true 
texture and true depth of the strata en- 
countered. These data will determine 
the size, number, and type of wells to 
construct; they are also useful for 
maintenance work. 

If the formation is of very coarse 
gravel, a preslotted concrete casing or 
a slotted steel casing will prove satis- 
factory. The use of well screens, how- 
ever, seems to have become generally 
more popular because the general low- 
ering of the water table may eliminate 
the possibility of exploitation of coarse 
gravel veins. Well screens utilize sand 
veins that are too fine for slotted cas- 
ings, and, in general, add to the over- 
all efficiency of the well. 

In Kalamazoo, when exploring a 
promising well site with test wells, 12- 
in. casings are used. The cost is not 
appreciably greater than 6-in. casing 
and, if the well proves productive, the 
casing for the production well has al- 
ready been installed. 


Development 


The task of well cleaning or develop- 
ing involves a few basic facts, good 
judgment, and, as a rule, considerable 
time. Time is usually a point governed 
by the amount of money available. Too 
often, the amount of water produced is 
the only factor considered. The sav- 
ings in pumping and future cleaning 
costs, and the value of a dependable 
supply are usually underestimated. 
Particularly on new wells, the extra 
time spent on developing pays dividends 
in years of trouble-free service, for 
when a well begins to fail, far more 
may be spent to save the investment 
than a good job of developing would 
have cost originally. 

The methods of developing are many 
and varied, but with one purpose: to 
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remove the clays, silts, and fine sand 
surrounding the screen. Unless chemi- 
cal changes have taken place, the de- 
veloping of a new well or an old well 
is much the same. The method de- 
pends upon the area to be cleaned or 
developed. The surge block or com- 
pressed air constitute perhaps the most 
effective means. With these, a back- 
and-forth surging or washing action is 
created, which loosens the formation 
and carries fine particles into the screen 
from which they must be removed. 

Overpumping seems to be of little 
value unless a very high lift is encoun- 
tered, because no backwashing action 
takes place. If facilities for creating a 
surging action are lacking, however, 
overpumping is the best method of 
bridging a sand-pumping well. High- 
pressure jetting and controlled explo- 
sive charges are fairly new methods, 
but hold promise of good results. 

Acids and various compounds such 
as phosphates and detergents should not 
be considered as a complete treatment 
in themselves, but rather as an aid to 
the surging methods. This is especially 
true in the cleaning of old wells where 
incrustations or growth may have 
formed inside or outside the screen. 
State or local health departments should 
be consulted for approval before using 
chemical compounds or acids. 

The amount of developing suitable 
for a new well depends on the forma- 
tion surrounding the screen. The more 
uniform the sands or gravels, the less 
work needed. A mixture of coarse 
gravels through fine silt requires much 
more time, especially if much clay is 
present. This kind of dense, compact 
formation with low porosity and high 
resistance to water movement requires 
that a greater proportion of material 
be removed. 

For example, in a uniform coarse 
sand of which 90 per cent is retained 
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on a l-mm screen, 10 per cent passes 
and must be removed. Ina mixture of, 
which 60 per cent is retained on a 2-mm 
screen, 40 per cent is fines that need to 
be removed (based on a 60 per cent re- 
tention). Thus, for each cubic foot of 
soil to be cleaned, the latter will give 
up four times as much fine material as 
the first. It is seen then, that around 
a large screen, many cubic feet of soil 
are affected without penetrating very 
far into the formation. 

The amount of water that will pass 
through a soil depends on its grading. 
The ideal would be a uniform, coarse 
clean gravel of rounded stones. Here 
the voids would be fairly large and 
would offer little resistance to moving 
water. As the gravel size decreases, 
the voids decrease in size and the re- 
sistance increases. In a mixture of 
coarse and fine, the voids become even 
smaller because the smaller particles 
lodge between the larger, further in- 
creasing the resistance. 

The faster water moves, the larger 
the particles it will carry ; as its velocity 
decreases it drops more and more of its 
load. Thus, the greater the surging 
action, the greater the distance out 
from the screen the area which will 
be cleaned. 

A great amount of water will move 
slowly through a large area and quickly 
through a small one. As water moves 
toward a well screen from all sides it 
picks up speed because of the ever 
smaller area through which it is pass- 
ing. In a properly developed well, the 
enlarged openings in the coarser ma- 
terials surrounding the screen tend to 
keep the velocity of the water down to 
a point where the moving water will 
not carry any sand or silt which might 
eventually pack tight against the screen. 

It is then easy to see that a well in 
mixed soil would require much more 
time to develop than one in a uni- 
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form coarse sand. No set rule can be 
made to cover the development of every 
type of formation; each well must be 
treated according to its individual 
characteristics. 


Cleaning 


The medium portable percussion well 
rig will usually handle wells up to 12 
in.; the large rigs, wells up to about 20 
in. With wells over 20 in. the forces 
encountered are too great for this type 
of equipment and compressed air is 
preferable. 

The cleaning process should be 
started slowly. The rig should be set 
on a short stroke, and run at low speed. 
The surge block should be made so 
that it can be kept full size. 

A valve arrangement in the surge 
block will improve its use by allowing 
a head to build up in the well. If the 


water is within the limits of a suction 
pump, the removal of water while surg- 


ing will speed the work by reducing 
clay and fine sands. As the cleaning 
progresses, the speed of the rig is in- 
creased until the limit of the surge is 
reached—that is, to the point where the 
weight of the tool string will not keep 
the cable tight. The stroke is then 
lengthened, and this operation is re- 
peated until the limit of the rig is 
reached. Sand must be removed from 
the screen at intervals with a sand 
pump, and swabbing the inside of the 
screen itself when surging is completed 
may also help. 

It must be remembered that the 
amount of water removed by the long- 
est stroke of the rig is very little com- 
pared to the screen area; the travel 
being only a fraction of an inch. For 
example, a 12-in. well with a 20-ft 
wire-wound screen will have approxi- 
mately 60 sq ft of total area, of which 
30-60 per cent will be open. A well 
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rig with a 3-ft stroke will discharge ap- 
proximately 17 gal of water, which will 
have 20-36 sq ft in which to travel. 

The greatest speed at which the rig 
will surge is dependent on the weight 
of the tool string. It is the weight of 
the tool string that causes the down- 
ward stroke, or the outward forcing 
of the water, while the power of the rig 
lifts the column of water, drawing ad- 
ditional water into the screen. By 
operating the well rig with hand con- 
trol and by running the surge block 
the full length of the well, water can 
usually be brought into the screen at a 
greater rate than it can be forced out. 

It is much more difficult to control 
surging with compressed air than with 
a well rig. When using this method, 
the well is fitted with an airlift pump- 
ing line, and an air line into the well 
which is then sealed at the top. An air 
compressor of suitable size, and an air 
storage tank with several times the vol- 
ume of the well is desirable. 

The downward push of the column of 
water is caused by forcing air into the 
well. An air gage at the well will show 
how much pressure is exerted on the 
water but not necessarily how far the 
water has been pushed back. The air 
is then released from the well and the 
water is allowed to rise to its normal 
static level. This single cycle—one 
surge—may take several minutes com- 
pared to the fifteen or twenty surges 
per minute made with a well rig. At 
first, only a few pounds of air pressure 
is applied to the well, but this is in- 
creased as the cleaning progresses. 
The sand is removed through the air 
lift. Air surging, in contrast to surg- 
ing with a well rig, is by far the slower 
of the two operations. 


Operations at Kalamazoo 


In 1932, two gravel-packed wells 
were installed at Kalamazoo. Each had 


ill 
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a 72-in. outer casing, and 40-in. inner 
casings. Both had to be cleaned within 
5 years after construction. In 1944, 
five 12-in. wells were installed with 
iron screens. In 1949, one was pulled 
and redrilled and the other four were 
fitted with brass screens. In 1945, nine 
12-in. wells were installed with iron 
screens. Since then, three of this 
group have been fitted with brass 
screens and several of the others have 
been cleaned. In 1947, the first two 
wells were installed using water de- 
partment equipment and _ personnel, 
and many have been installed in the 
same way since then. In all these wells 
development has been stressed, and 
none has yet required maintenance. 
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Records 


No discussion of the construction 
and maintenance of wells should ignore 
mention of the vital importance of ade- 
quate well records. These records can 
have several uses, one of which would 
be in the making of a quick survey of 
a well field. For example, if the length 
of the screen of each well is accurately 
recorded, then measuring the gallons 
per foot of drawdown of the well and 
dividing this figure by the length of the 
screen in feet will give an indication of 
the transmissability of the soil around 
the screen—the larger the figure, the 
greater the transmissability. 
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Construction Equipment for Small 
Water Utilities 


William K. Foerster 


A paper presented on April 26, 1957, at the California Section Meeting, 
Santa Monica, Calif., by William K. Foerster, Gen. Mgr., San Gabriel 
County Water Dist., San Gabriel, Calif. 


HIS article will deal with water 

utilities which do between $50,000 
and $100,000 worth of construction 
work per year, including in this sum 
all material, pavement repair, and labor 
costs. Almost any organization that 
does no more work than this, is usually 
confronted with the question of whether 
to do the work itself or contract it. If 
the idle time of standby labor that is 
on the payroll can be used to do vari- 


ous jobs of 500 ft or more, and if there 
is no unavoidable waste, it will pay 
the utility to do its own work—if there 
is enough rent-free fundamental con- 


struction equipment on hand. Such 
equipment would consist of the follow- 
ing: one flat-bed dump truck, one 105- 
cu ft capacity air compressor with two 
heavy pavement breakers and 50 ft of 
hose with each breaker, one -yard skip 
loader, two ditch pumps with no more 
than 12 ft of suction hose per pump, 
one electric generator for two flood- 
lights, one 3-ton crane, and one flat-bed 
truck with a 2-ton capacity. Pickup 
trucks used for routine work are not 
included, nor are a ditching machine 
and a large tapping machine. Ifa tap- 
ping machine cannot be rented nearby, 
however, it will pay to have one on 
hand. Labor will consist of existing 
skilled personnel plus local men who 
are usually not skilled in this work. 


The above equipment constitutes an 
original investment of approximately 
$22,000 and must be kept in good 
repair because there is not enough 
standby equipment for use in the event 
of a breakdown. 


Dump Truck 


The dump truck is the piece of equip- 
ment that will usually save more time 
and expense than any of the others. 
Organizations such as those under dis- 
cussion do not have large working 
crews, and the idle-time charge for 
rented trucks, plus time spent waiting 
for trucks to get to the job, soon 
amounts to the price of a new truck. 
Idle-time charges plus waiting time for 
rented trucks can be $1,200 per year. 
Driving or riding time is another cost 
factor, because most utilities have sev- 
eral dumping grounds (for broken 
street pavement and dirt) the locations 
of which are unfamiliar to the driver 
of the rented truck. A local employee 
must, therefore, be taken from the 
work to act as a guide for the driver. 

Dump trucks should not be used for 
hauling 10-in. (or larger) cast-iron 
pipe. In rolling it off, the pipe eventu- 
ally comes to rest on one side of the 
truck, throwing the dumping mecha- 
nism out of line. The flat-bed truck 
should be used for hauling rolling 
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loads and should be equipped with tool 
boxes for small tools. This truck 
should be on the construction job at all 
times. 


Compressor 


The air compressor and pavement 
breakers are also expensive to rent. 
The price of an air compressor does not 
warrant rental, unless it can be used 
most of the 8-hr shift. When used on 
small jobs with a small crew, the com- 
pressor is idle a considerable part of 
the time. The idle-time charge added 
to running-time charge will show a 
triple or better cost against actual use 
time. The compressor is also used in 
routine service installation work in 
paved areas. Two breakers with 50 ft 
of hose for each breaker is desirable, 
since two men can work on each side 
of the ditch in breaking pavement. If 
more than 50 ft of hose is used, traffic 
will run over a good part of it, and 
there will be some dragging and cut- 
ting of it on the pavement. Long hose 
continually kinks, and the kink is usu- 
ally jerked loose, which tends to break 
the hose braids. Small tools, such as 
air hammers and air spades, are useful 
adjuncts of the compressor, but are 
not essential. Sometimes the smaller 
tools are a handicap in that some of 
the men, once seeing them used, assume 
that the work cannot be done again 
without them. 


Skip Loader 


The skip loader is the most expen- 
sive of all the equipment and has 
the highest cost of maintenance because 
of overloading and speeding. It is 


good policy to buy a }-yard loader and 


have a 8-yard bucket installed. Unless 
the supervisor insists that it not be 
used as a truck, the men will use it 
for such jobs as carrying oxygen tanks 
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or large valves in the dipper from 
warehouse to job site. During such 
times, the loader is run at full speed 
for a mile or so, and the low speed 
gears cannot withstand such abuse. 
Used as a crane for loading trucks 
with 1,000-lb articles, for backfilling, 
for loading dirt or broken pavement 
onto a truck, and as a substitute for 
a crane in setting fittings in the ditch, 
the skip loader is practically unexcelled. 
Repair bills of $500 are normal for this 
machine unless it is well cared for. It 
is so fast and easily handled in narrow 
streets, however, that it makes up for 
its cost in time and labor saved. 


Ditch Pump 


Every water utility should have at 
least two ditch pumps in good condi- 
tion at all times. The length of suc- 
tion hose should not be more than that 
needed for a 7-ft deep trench, unless 
the average depth of work is more than 
that. If the hose is too long, it will 
be mistreated in the same way as the 
air hose—and this hose costs approxi- 
mately $5 per foot. The hose can be 
patched with expensive couplings only, 
and the couplings usually leak after a 
few hours of use. This pump saves 
valuable time on leaks or in tying to 
existing lines that are being drained. 
Time is more important in this opera- 
tion, because some consumers will be 
deprived of water during the work pe- 
riod. The pump is also a good piece 
of public relations equipment. When 
it is running, even though pumping no 
water, it is so noisy that it gives the 
impression that all are working hard 
and doing all they can. The pump 
should be checked for repairs after use 
for 20 hr. Rocks and sticks seem to 
accumulate around the propeller and, 
although the machine will work with 
the debris in the casing, after it has 
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been idle for a few days, the debris will 
break the propeller or cause the pump 
to lose suction. 


Generator 


A generator for two floodlights is 
another light piece of equipment that 
speeds work. This is seldom used out- 
side of emergency work. Crews will 
spend 25 per cent of their time adjust- 
ing truck lights and flashlights only to 
have truck batterys go dead and flash- 
lights fall into the mud. Two flood- 
lights, with 50 ft of extension cord for 
each light, speeds work and prevents 
the loss of small tools in the ditch. 


Ditcher 


The price of a ditching machine does 
not warrant buying one for the amount 
of work small utilities do. In 2 months 
$60,000 worth of work is usually ac- 
complished in paved areas; this leaves 
the ditching machine investment idle 
for 10 months. All the other equip- 
ment mentioned in this article is useful 
on routine work. In addition, because 
few construction men are experienced 
operators of ditching machines, mainte- 
nance costs would be prohibitive. 

Costs, over a 3-year period—1954 
through 1956—with one organization 
that did $175,000 worth of work, were 
as follows. Idle time, 93 hr; working 
time, 253 hr; rental of a ditching ma- 
chine, including moving on and off the 
job, $18.75 per working hour. Total 
cost was less than $4,700 for the 
3-year period. The pipe installed was 
4- to 8-in. size. 


WILLIAM K. FOERSTER 
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Crane 


A crane that will handle 3 tons is 
a piece of equipment that will do more 
for the morale of the men working 
than any other equipment. It is not 
needed for 4- and 6-in. pipe, as that 
size range may be installed by hand 
labor. Turning of the pipe to place 
the bell ends properly, and dragging 
of pipe into position, all tend to make 
the crew feel it is being overworked. 
Besides, lowering a pipe into a ditch 
with ropes and hand labor usually re- 
sults in breaking one joint per day, 
plus a couple of sewer or gas connec- 
tions, which are always in the exca- 
vated ditch. The crane should be on 
pneumatic tires, as solid rubber tires 
cut shallow pavement and are also hard 
to handle on a soft road bed. The 
crane should also have at least 180-deg 
turning capacity, and a_ ball-bearing 
swivel safety hook. This type of hook 


costs approximately $50, but it avoids 
twisting of cable and makes the turn- 
ing of the pipe, while lifting, very easy. 


Maintenance 


The problem of maintenance should 
be considered as important as the buy- 
ing of equipment for small projects. 
When equipment is idle for a few 
weeks between jobs, the usual proce- 
dure is to omit checking it for oil and 
grease before it is needed again. If 
an emergency arises, the equipment is 
usually not oiled or greased before 
work starts. This can be prevented 
by having particular days set aside for 
greasing equipment, whether in use 
or not. This should be in addition to 
equipment checks made while working. 


Installation and Maintenance of Valves 
and Hydrants at Wilmette, IIl. 


Leonard F. Lindeen 


A paper presented on Mar. 22, 1957, at the Illinois Section Meeting, 
Chicago, Ill., by Leonard F. Lindeen, Foreman, Water & Sewer Dept., 


Wilmette, 


HE village of Wilmette, IIl., is a 

purely residential community lo- 
cated on the west shore of Lake Michi- 
gan just north of Evanston; it has no 
industries and only such commercial 
establishments as are needed to supply 
its own citizens. A small part of the 
present village was incorporated in 
1872, and by means of later annexations 
of surrounding land, was brought to its 
present area of approximately 5.28 
square miles in 1926. Future expan- 
sion will be extremely limited as it is 
almost completely surrounded by neigh- 
boring municipalities. The village is 
approximately 1 mile wide and 5 miles 
long, and the present population is ap- 
proximately 24,000. The water works 
facilities are located on the shore of 
Lake Michigan at the eastern extremity 
of the 5-mile strip. 

For 20 years after incorporation, 
Wilmette’s citizens, who were, for the 
most part, well-to-do business men and 
industrialists from Chicago, struggled 
with individual wells for water supply. 
In 1893, a start was made on a water 
distribution system as more than 25 
miles of 6- and 8-in. cast-iron mains 
were installed. The population at that 
time approximated 1,500; the water 
was purchased from Evanston. Today, 
Wilmette is extremely grateful to those 
early planners who installed no mains 


smaller than 6 in., who provided an 
auxiliary valve on every hydrant, and 
who placed most of the line valves in 
vaults rather than in boxes. Practically 
all of the water mains, valves, and hy- 
drants then installed are still in serv- 
ice, and, for the most part, in excellent 
condition. Because all of the hydrants 
and most of the line valves chosen at 
that time were of a type which has 
proved best for use under the particu- 
lar conditions, maintenance problems 
have been greatly minimized. 


System Growth 


The growth of the distribution sys- 
tem was slow and steady until the mid- 
1920’s when the adjoining village of 
Grosse Point, together with a large 
tract of farm land to the west of that 
village, was annexed, thereby extend- 
ing the boundaries to their present lim- 
its. This great increase of area neces- 
sitated the construction of more than 
18 miles of 6-, 8-, and 12-in. water 
mains and, because of exceedingly low 
pressures in the higher parts of Wil- 
mette, an elevated storage tank floating 
on the system, of 400,000-gal capacity. 

In 1934 Wilmette completed the con- 
struction of its own filtration and treat- 
ment plant, as well as almost 2 miles 
of 24-in. feeder mains, which, 4 years 
later, led to a request for water from 
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Fig. 1. Standpipe of 4-mil gal Capacity 


The standpipe is approximately 115 ft 

high, and has an 80 ft ID. The building 

to the left is the superstructure of the 
altitude valve vault. 


the neighboring village of Glenview, 
whose wells were failing. In 1930 
Glenview had been a little farming 
community of 1,900 people, but it was 
beginning to feel the increasing demand 
on the part of Chicago’s people for sub- 
urban homes. 

By 1949 the growth of both Wilmette 
and Glenview reached such proportions 
that it was necessary that Wilmette 
once again add more than 54 miles of 
6-, 8-, and 12-in. mains to its distribu- 
tion system. A few years later water 
shortages began to occur during the 
summer seasons as a result of the rap- 
idly increasing sprinkling and _air- 
conditioning system loads. Sprinkling 
regulations were enacted and strictly 
enforced, and the Wilmette water 
works, with its rated capacity of 6 
mgd, was frequently filtering, treating, 
and pumping more than 9 mgd with 
the consequent strain upon men and 
equipment. 
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In late 1955 a general expansion of 
the entire system was begun. In the 
fall of 1956 a 4 mil gal standpipe was 
completed and placed in service near 
the western limits of the village (Fig. 
1). Almost 5 miles of 24-in. pre- 
stressed concrete pressure pipe has 
been installed, providing a full 24-in. 
feeder main from the water works at 
the east end of the system to the stand- 
pipe near the west end. Part of the 
procedure of installing a valve on this 
main is shown in Fig. 2 and 3. This 
transmission main is cross connected at 
intervals throughout its length to the 
larger mains in the gridiron, thereby 
providing excellent balance throughout 
the system. The water plant is being 
enlarged from its present capacity of 
6 mgd to 15 mgd; this plant will be 
completed in the summer of 1957. A 
booster pumping station is being con- 
structed at the standpipe and larger 
connections, together with improved 
metering facilities, are being provided 
for the supply to Glenview. 


Fig. 2. Installation of 24-in. Valve 


The valve, pushed home on a 24-in. pre- 
stressed concrete pressure pipe, is being 
held in place by the bucket of the backhoe. 
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Since Jan. 1, 1950, the Wilmette dis- 
tribution system has been increased by 
14.7 miles of water mains, 83 line 
valves in vaults, and 86 fire hydrants 
with auxiliary valves in boxes. Most 
of these facilities have been installed 
by subdividers. 

As of Mar. 1, 1957, the Wilmette 
distribution system consisted of 83.1 
miles of water mains, 662 line valves 
(more than 90 per cent in vaults), 730 
fire hydrants with auxiliary valves in 
boxes, one 400,000-gal elevated tank, 
and one 4,000,000-gal standpipe. This 
system serves the combined populations 
of Wilmette, Glenview, and the US 
Naval Air Base at Glenview—a total of 
approximately 39,200 people. Should 
failure occur at the water plant, there 
are five mutual aid connections pro- 
vided to the distribution systems of 
three adjoining municipalities—Evan- 
ston, Kenilworth, and Winnetka—each 
of which has its own independent water 
plant and distribution system. 


System Organization 

The growth of the distribution sys- 
tem was not accompanied by a com- 
parable growth in organization and 
maintenance. For many years there 
was no water department as such and, 
for the most part, the distribution sys- 
tem received little attention save in 
emergencies. At such times, repairs 
were made by laborers from the street 
department under the casual super- 
vision of the street department foreman. 
For some years the water department, 
even after it had become a separate unit 
functioning under the supervision of 
the superintendent of public works, had 
to borrow labor from the street depart- 
ment, and, while this group usually 
contained at least one man who had had 
previous experience in water main 
work, there were no specially trained 
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men, so that there could be no planned 
and sustained maintenance program. 

A reorganization of the water depart- 
ment was made under the present su- 
perintendent of public works who com- 
bined it with a sewer department, and 
assigned specially selected men _ to 
water and sewer work only. As a re- 
sult, it has been possible to train these 
men in the particular skills required 
for proper maintenance work, and a 
sustained maintenance program has 
been planned and instituted. 


Fig. 3. Inspecting a 24-in. Main 


By lying on this 4 X 10-in. plank mounted 

on roller skates, it is possible for a man 

to propel himself through the pipe and 

thus accomplish various tasks such as 

inspecting the pipe, and mortaring the 

joints. A flashlight and a rag lie next 
to the dolly. 


There are definite advantages in a 
combined water and sewer department, 
as much of the maintenance work on 
both is closely allied. The men who 
rod, clean, and flush the sewers, for 
example, are also responsible for main- 
taining the hydrants, so that there is 
no abuse of hydrants by the sewer de- 
partment. It is not at all unusual that 
one man completely dismantles a hy- 
drant which has been found faulty 
during the progress of a sewer job, 
while the rest of the crew continues 
the cleaning and flushing of the sewer 
using the next hydrant available. 
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As has already been stated, Wil- 
mette long ago standardized on the 
two types of valves which were found 
in the system for, although these have 
been greatly improved in the past 50 
years, they have remained basically 
the same and they can, for the most 
part, be repaired. The older parts of 
the system contain valves which open 
to the left and valves opening to the 
right. Occasionally valves are found 
on which no manufacturer is desig- 
nated. Whenever one of these valves is 
found to be faulty, little time is wasted 
in efforts to repair it. It is more eco- 
nomical to have a new valve cut in 
under pressure and less inconvenient, 
in that no shutdown of the main is 
required. 


System Records 


Good records constitute a major item 
in any maintenance program. Wil- 
mette maintains two large atlases which 
show in detail the dedicated streets, 
water mains, valves, and hydrants. 
Valves and hydrants are shown in rela- 
tion to the nearest property lines of 
the dedicated streets. The number of 
turns required to operate the valve is 
indicated as well as the direction of 
turn. Although it must be admitted 
that these are often in error, some 85 
per cent of these notations are correct, 
and the records are constantly being 
checked and rectified. In each shut- 
down made necessary because of a 
break in the main, a new connection, 
or any other reason, careful and detailed 
records of operation are made. The 
exact location of the valve is noted, the 
direction and number of turns, the ease 
or difficulty of operation, the apparent 
condition of the valve, and recom- 
mendations for servicing. These notes 
are immediately compared with the 
corresponding notes in the atlases, and 
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wherever the atlases are in error, the 
correction is made. Although this 
method of correcting records is slow 
compared to a regular valve operating 
program, it does have three distinct 
advantages: [1] practically no extra 
cost is involved; [2] only a few valves 
are involved on each occasion, which 
permits the foreman personally to check 
the records; and [3] there are no irate 
citizens to placate—citizens who while 
finding no difficulty in understanding 
that it is necessary to deprive them 
temporarily of water when a geyser is 
apparent in the street, fail to compre- 
hend that the same temporary depriva- 
tion for purposes of routine operation 
can have any basis save that of personal 
spite. 

In addition to the atlases, distribution 
system maps with a scale of 600 ft to 
the inch showing all water mains, 
valves, and hydrants are kept, as well 
as smaller sectional maps which also 
indicate the direction of turn. These 
maps are carried at all times by the 
foreman in his car, and copies are fur- 
nished to the workmen as required, 
with the valves to be operated clearly 
checked in red pencil. 


Valve Installation and Inspection 


Little needs be said about the actual 
installation of line valves. In Wilmette 
they are so spaced in the system that 
not more than 800 ft of main needs be 
shutdown for any single break. For 
the past 20 years, standards have re- 
quired that line valves open to the left, 
or counterclockwise, and hydrants and 
auxiliary valves open to the right, or 
clockwise. This greatly simplifies rec- 
ords in the newer parts of the system 
and, whenever a line valve in the older 
section must be replaced, a left-hand 
valve is installed. 
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Mechanical joint valves are now used 
exclusively in the distribution system, 
except in large transmission mains, 
where flanged valves are installed. In 
the rare occurrence where a lead joint 
is mandatory, a rubber ring is used 
instead of the unsanitary jute. Virgin 
pig lead only is permitted in such 
joints ; the lead must be at least 2} in. 
in depth, and the joint must be made 
in one continuous pour. In the event 
of any difficulty encountered in making 
the joint, the lead must be removed by 
melting, the rubber ring removed and 
inspected, and the entire joint repoured. 

All line valves must be installed in 
vaults; 6- and 8-in. valves require a 
48-in. ID and 12-in. valves a 60-in. ID 
vault. The vaults are constructed of 
preformed concrete blocks with a cone 
opening of 24 in., a cast-iron frame and 
cover; they must be plastered inside 
and outside with mortar. The base, 
which may be poured or constructed 
with preformed slabs, must rest on a 
3-in. tamped sand cushion, which in 
turn rests upon solid, undisturbed 
earth. There must be at least 8 in. 
between the base of the valve and the 
top of the slab to allow sufficient room 
for future maintenance. The weight of 
the valve must be supported by means 
of a concrete block or a poured con- 
crete pier. The connection of a drain 
from the vault to a sewer is not per- 
mitted ; in larger vaults a sump is con- 
structed to facilitate possible future 
pumping. 

All valves are inspected before 
being lowered into the trench for evi- 
dence of mishandling and for proper 
marking for direction of turn on the 
operating nut. An incident that oc- 
curred a few years ago proved that it 
is also necessary actually to open and 
close the valve before installing it on 
the pipeline. On a subdivision, three 
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or four 6-in. gate valves which met 
Wilmette standard had been inspected 
and installed, but when it came time to 
fill the main for the pressure test it was 
found that, while these valves were all 
clearly marked left to open, they actu- 
ally had to be turned in a clockwise 
manner. As the valves were already 
installed and the vaults constructed 
around them, and as there was no in- 
tention of permitting left-hand valves 
in a section of the system which was 
otherwise all right hand, it was not a 
matter of merely replacing the operat- 
ing nuts with others correctly marked. 
Needless to say, it was a somewhat 
red-faced manufacturer’s representative 
who corrected the situation to the de- 
partment’s satisfaction. 

Line valves must be thoroughly 
checked again for ease of operation 
after completion of the pressure test. 
It is a common practice among con- 
tractors to exert unnecessary pressure 
in closing valves for a pressure test, and 
they have been known to bend stems in 
so doing; if this has occurred, it is 
best to discover the fact while the con- 
tractor’s responsibility is still estab- 
lished. The follower, or packing gland, 
as it is sometimes called, must also be 
checked as these are almost invariably 
pulled down too tight by the contractor 
to prevent leakage during the test. 
The packing should be lubricated and 
the follower tightened just enough to 
prevent leakage ; it will thus permit free 
and easy operation of the valve, and, 
should it later leak, it is easily accessible 
in the vault for additional tightening. 

When a new main is to be connected 
to the existing system the use of a 
pressure connection with a standard 
tapping sleeve and valve is required, 
rather than permitting shutdown of the 
existing main. This is advantageous in 
that the control valve on the new main 
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is immediately adjacent to the existing 
main, making it possible to subject the 
entire new line to a pressure test and 
disinfection procedure. It avoids the 
nuisance of customer complaints, af- 
fords a stronger installation, and is 
considered by many contractors to be 
more economical. Several of the water 
main contractors in the Wilmette area 
have found it to their advantage to in- 
vest in the equipment required for pres- 
sure connections. A standard valve 
vault is built around these connections, 
but is made oval in shape in order to 
contain the entire tapping tee as well as 
the valve, thus keeping all joints easy 
of access for future maintenance. 


Hydrant Installation 


Fire hydrants in Wilmette are so 
installed that they will be located at 
intervals not exceeding 400 ft. The 
same manufacture of hydrants that was 
used in the earlier years of the water 


system continues to be used, for the 
same reasons as previously stated in 


discussing valves. For the past 15 
years only steamer type hydrants with 
two 24-in. nozzles and one 4}-in. 
pumper nozzle have been permitted to 
be installed. The hydrants are set on 
6-in. branches from the water main, 
with 6-in. auxiliary valves, and the hy- 
drant valve itself has a 54-inch opening. 

Hydrants and auxiliary valves are 
checked before being lowered into the 
trench in the same manner and for the 
same reasons as given for valves. The 
hydrant is set in a vertical position upon 
a concrete block, which in turn must 
rest on solid, undisturbed soil. Wood 
blocking is used behind the hydrant 
bottom to the solid bank and between 
the sides of the hydrant bottom to solid 
trench walls. The importance of this 
blocking was well demonstrated on one 
occasion when a newly installed hy- 
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drant blew off the pipe and out of the 
trench. 

Hydrants are not placed at street 
intersections—they are set back to the 
nearest property line to avoid damage 
by cars turning corners too sharply. 
The rolled curbs now so commonly 
used greatly aggravate this danger. 
Hydrants are set at a safe distance from 
both curb and sidewalk in order to 
eliminate the danger of injury to pedes- 
trians and cyclists, and to minimize 
the possibility of breakage by sidewalk 
snowplows during snow storms, when 
visibility is poor. 

Approximately 4 yd of stone is used 
around the hydrant drain to assure 
good back drain. All joints and flanges 
on the hydrant and the auxiliary valve 
are left fully exposed until completion 
of the pressure test, and are thoroughly 
checked after this test. The same pro- 
cedure is followed as that for line 
valves, except that, as the hydrant 
auxiliary valve is to be set in a box 
where it will not be easily accessible 
in future, the packing gland is tightened 
more than on line valves. 


Communication and Repairs 


Radio communication has proved a 
great advantage in the maintenance pro- 
gram. The foreman’s car and a de- 
partment pick-up truck are equipped 
with two-way FM police radios, and 
more installations are planned in the 
near future. Direct communication is 
thus possible between crews as well as 
between the department, police head- 
quarters and all squad cars. It is of 
special value at night when public 
phones are not available, and makes 
possible close coordination of operations 
when two or more crews may be scat- 
tered over a wide area. As the fire 
department is on the same frequency 
the water and sewage department can 
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notify them promptly when a hydrant 
or a certain section of water main is 
taken out of service for repairs and 
when it is restored to service. Hearing 
other calls over the air also brings 
about an understanding of each others’ 
problems and creates a feeling of friend- 
ship between the police and the water 
department ; whenever the department 
finds it necessary to close down valves 
at a busy intersection or street at night, 
one or more squad cars invariably come 
to assist in controlling traffic. 

Hydrants are operated only by the 
fire department, the water department, 
or street sweeper operators. The fire 
department and street sweeper opera- 
tors check each hydrant after use for 
proper backdrain, and any hydrants 
found to drain improperly are promptly 
reported to the water department. 
On rare occasions, paving contractors 
are given permission to use certain 
designated hydrants, and these are 
thoroughly checked by the water de- 
partment after such jobs are completed. 
Strict enforcement of these regulations 
may be the reason why Wilmette has 
never suffered from frozen hydrants, 
although no efforts have ever been 
made to check hydrants in the fall for 
water standing in the standpipe. In 
early years, each winter was faced with 
fear and worry, but the manpower 
with which to make the necessary sur- 
vey annually was not available. Each 
passing year without trouble brought 
added reassurance; records indicate 
that, during the past 10 years, there has 
been only one broken hydrant which 
could possibly be attributed to frost 
damage, and it could as easily have 
been struck by a vehicle for there was 
a horizontal crack in the standpipe at 
ground level as well as the tell-tale ver- 
tical crack. 
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One of the major problems of hy- 
drant maintenance in the older sections 
of Wilmette arises when it becomes 
necessary to replace a broken hydrant. 
Although the old hydrants were stand- 
ardized, the flange drillings on the 
auxiliary valve, the hydrant bottom, 
and the standpipe were apparently 
made at random instead of following a 
pattern. Four, six, and eight-hole 
flanges are found, and it is consequently 
not possible to stock items for replace- 
ments in advance of need. The hy- 
drant must be unearthed, one or more 
templates made, and a special replace- 
ment ordered. The particular section 
involved is thus left without fire protec- 
tion until the replacement is received. 
The fire department must be notified 
of the necessity to use adjacent hy- 
drants in case of fire, and water depart- 
ment personnel immediately check 
these adjacent hydrants for perfect 
operation. 


Hydrant Inspection 


In checking a fire hydrant the fol- 
lowing procedure is observed: 

1. With one nozzle cap removed, 
the hydrant is fully opened and the 
flow of water observed. 

2. If satisfactory, the hydrant is 
closed, the nozzle cap is replaced, and 
all nozzle caps are tightened. 

3. The hydrant is then again fully 
opened, the standpipe examined under 
pressure for cracks, nozzles checked for 
leakage in the lead joints, and the pack- 
ing gland checked for leaks. 

4. With the hydrant still open, the 
auxiliary valve is closed to check for 
complete shutoff and ease of operation. 

5. While the auxiliary valve is closed 
one nozzle cap is removed and the 
auxiliary valve is then reopened. 

6. The hydrant is shut off and back- 
drain is checked by holding one hand 
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over the nozzle—strong suction should 
result. If these tests prove satisfactory 
the hydrant is approved and no further 
work is done. 

Should the hydrant fail any one of 
the tests, the following procedure is 
observed : 

1. The auxiliary valve is shut off 
and the hydrant dismantled—a very 
easy task with the hydrants used in 
the community, and one which can, if 
necessary, be done by one man. 

2. The hold down nut is removed 
and the operating nut lifted off (this 
may require light tapping underneath 
the nut with a small hammer. 

3. The packing gland is loosened to 
relieve pressure against the valve stem 
(a special box wrench should be used 
for this as the packing gland can easily 
be compressed and damaged with a 
pipe wrench). 

4. The cover can now be easily lifted 
off, the drain lever bolt and lever are 
removed, the hydrant stem is held out 
of the way, the drain support, or drip- 
cup, is lifted out, and the entire drain 
rod is removed and inspected. 

5. If the rubber drain valve shows 
excessive wear or abrasion, the bronze 
retaining nut is removed and a new 
rubber is installed. 

6. The hydrant operating nut is set 
loosely upon the stem and, with a hy- 
drant key, the stem is turned two or 
three times in a clockwise or opening 
direction, after which it is easily 
screwed out by hand and lifted out to- 
gether with all operating parts of the 
main hydrant valve, which can then be 
examined, and the valve rubber re- 
placed if necessary. As on this type of 
hydrant the valve is free to turn upon 
the stem when the valve is being closed 
there is rarely any evidence of abrasion; 
the life of these valve rubbers is truly 
astounding. 
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This operation is reversed in re- 
assembling the hydrant. The stem 
and valve are screwed into position and 
tightened. The drain rod is replaced, 
and pushed firmly into the drain—this 
is the most difficult part of the proce- 
dure and occasionally requires the use 
of a little patience and a few well chosen 
words. The drain in the hydrant bot- 
tom often decides upon a little game of 
hide and seek at this point. If the day 
is sunny, it is possible to see the drain 
opening by holding a small mirror at 
the proper angle to reflect the sunlight 
into the standpipe. Before proceeding 
with the reassembly of the other parts 
of the hydrant, the operating nut is set 
on the stem and the hydrant valve is 
opened sufficiently to fill the standpipe 
with water to the nozzles. The drain 
rod is then raised by hand and the rate 
of drainage is observed. If this is not 
rapid enough, the drain is completely 
removed, and the drain opening is 
reamed with a homemade tool—usually 
a brass curtain rod bent slightly to re- 
semble the drain rod and sharpened at 
the end. The drain rod is then re- 
placed, the balance of the hydrant is re- 
assembled, and again given the full op- 
erating tests. In reassembling the hy- 
drant, the packing gland is completely 
removed, and the old packing is re- 
placed with new, well lubricated ma- 
terial. The department is now experi- 
menting with the new mo!ded-rubber 
packing which may prove far superior 
to the present braided asbestos, if it 
will withstand the heat absorbed from 
the sun by the packing gland without 
softening. The department is also ex- 
perimenting with O-ring stuffing boxes 
on a few of the new hydrants; it is 
possible that braided asbestos may soon 
become as obsolete as lead joints in 


water mains. 
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Valve Repairs 


The valve maintenance problems 
have not been too great in the past. 
As previously stated, when a valve 
proves completely inoperable, it is re- 
placed with a new one cut in under 
pressure. It has been learned from 
experience that most of the difficulties 
in obtaining complete shutdowns usu- 
ally attributed to faulty valves in system 
are not actually due to faulty valves, but 
rather to faulty operation. Complete 
shutdowns of areas in which old rec- 
ords indicated this could not be done, 
have been successful. The following 
procedure for valve operation has 
therefore been set: 

1. Keep calm, as nothing can be 
gained and much damage can be done 
by a frenzied rush from valve to valve, 
twisting each as far as possible. 

2. Mark the scene of trouble on a 
map of the distribution system, deter- 
mining the smallest possible area to be 
shut down, and marking in red pencil 
the valves involved. 

3. With the nearest fire hydrant 
open, turn each valve as far as possible 
without applying undue strain, count- 
ing the number of turns. 

4. When the limit is reached, open 
the stem four or five times, and close 
again as far as possible. 

5. If sand or sediment lie under the 
gates, this opening and closing action 
will, because of the partial closing of 
the gates, increase the velocity of the 
water and flush out the sand or debris, 
as well as whatever corrosive debris 
may have been on the gate or the seat. 

6. If water continues to flow from 
the hydrant, repeat the process. 

7. Open the hydrant nearest to the 
first valve, and monitor the valve key 
with an earphone ; if the sound of water 
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passing through the valve is heard, a 
man with a chisel and steel brush goes 
down into the vault to clean the oper- 
ating nut and determine from the mark- 
ing if the direction of turn is correct. 

8. If it is correct, continue the opera- 
tion of completely closing and partially 
opening the valve, carefully counting 
turns to determine how much is being 
gained, until sound of water is no 
longer heard. 

9. If no marking exists on the oper- 
ating nut, or if corrosion is too great 
to permit the arrow to be seen, operate 
the valve fully in the direction opposite 
to that previously tried ; occasionally it 
may be found that a left-hand valve 
exists where a right-hand one was indi- 
cated, or that a supposedly open valve 
has been closed for years. 

10. When the sound of water is no 
longer heard from a valve, tackle the 
next, and continue until all valves in- 
volved have been operated, and shut- 
down has either been achieved, or 
shown to be impossible. If impossible, 
the earphone has at least indicated 
which valve was not accomplishing its 
purpose. This valve is marked for 
immediate attention as soon as the 
emergency is under control. By means 
of the distribution system map, the ex- 
tent of additional area required to be 
shut down is then determined, al- 
though this is rarely necessary. 

When the immediate emergency has 
been taken care of and one or two 
valves have been opened to check the 
repairs, the process of restoring the sys- 
tem to full service is accomplished in 
the same manner as the shutdown; each 
valve opened is marked off on the same 
distribution system map that was used 
in the shutting down procedure; the 
valves are checked for stuffing box leaks 
and packed if necessary; valves which 
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were hard to operate are checked more 
thoroughly by removing the follower 
and replacing all packing, and once again 
checking for operability ; valves requir- 
ing extensive repairs are then scheduled 
for the necessary work, preferably at 
night if many consumers will be 
affected. 

Most Wilmette valves are of the 
double-disc, taper-seated type, and 
damaged stems often are replaced 
without depriving any consumers of 
water. If the gates can be closed 
(though not necessarily entirely), the 
operating nut, follower, and packing 
gland are removed, and the valve cover 
is carefully lifted, maintaining down- 
ward pressure upon the stem in so 
doing. Blocking is then installed 
against the valve ball to prevent the 
gates from slipping up and the stem is 
screwed out of the ball. The blocking 


is usually a piece of 2 X 4-in. timber 
wedged against the inside of the vault 
frame and against the edge of the ball. 


A new stem is as easily screwed in, and 
the valve reassembled. It has been 
found that it is possible to carry out this 
work in a vault if a good pump is used, 
even with a considerable amount of 
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water flowing past the partially closed 
valve gates. 

If it is necessary to shut down a sec- 
tion to repair a valve, the consumers 
involved are notified in advance and 
the work is done at night. If it is 
discovered that the valve is of un- 
known make or requires parts which 
are not on hand, a steel plate with a 
rubber gasket is bolted to the valve 
body flange, and the section is restored 
to service, thus affording time in which 
to work on the internal valve parts in 
the shop and to order replacements if 
necessary. The same procedure of 
notification, night shutdown, and the as- 
sembling of new parts in the valve is 
then followed. 


Conclusion 


The water department is constantly 
attempting to improve its distribution 
maintenance system. The village is 
fortunate in having filtered water in 
the mains and neutral ground water 
outside of the mains, so that bronze or 
cast-iron materials suffer little damage 
from corrosion. It is hoped that read- 
ers of this article may make sugges- 
tions concerning further improvements. 
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Kansas City, Mo. 


HE water works operator in most 

cities and towns is conscious of the 
fact that the water supply and its con- 
servation and proper use are rapidly 
becoming a nationwide problem. The 
recent drought stopped the flow in 
many rivers, and, in many areas, under- 
ground supplies of water are being and 
have been withdrawn more rapidly 
than they are being replenished. 

The water supply problem has been 
further influenced by the growth of 
cities and the increase in industrial re- 
quirements. These various demands 
no doubt can be met, but doing so will 
require a fuller appreciation of the 
necessity of water conservation, and, in 
some localities, may require the clear 
definition of priority in the use of 
water. 

These conditions do have a bearing 
upon water rates because the increase 
in water use has necessitated enlarge- 
ment of facilities for production, trans- 
mission, and distribution, at a much 
higher cost level per unit of plant than 
existed prior to the end of World War 
II. This situation has in many places 
substantially increased the debt struc- 
ture of the utility, with attendant fixed 
charges and annual requirements for 
depreciation. 

A customer often reacts as though 
he felt that the only investment made 
to render him service was the pipe ex- 
tension in front of his own home, plus 
the amount the utility may have in- 
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vested in his meter and the distribution 
apparatus in his street. It is important 
in public relations, as well as in rate 
matters, that the customers and the de- 
partment realize that the cost of main 
extension or distribution mains as a 
whole is normally less than 50 per cent 
of the investment required to render the 
service. Other portions of the plant 
essential to providing service are the 
production, storage, transmission, serv- 
ice, meter and hydrant, and general 
plant portions. Table 1 shows how this 
investment in the several parts varies 
with different sources of supply and in 
different localities. The last example 
is of a city in arid, mountainous coun- 
try where source of supply and produc- 
tion plant comprise a larger part of 
the investment. In this city, the de- 
partment owns few meters and serv- 
ices ; in fact, it is, today, sorely pressed 
for supply, primarily because of a flat- 
rate schedule for residential customers, 
which results in waste from leaky 
plumbing fixtures and careless sprin- 
kling and general use by the public. 


Revenue 


There is one essential in the making 
of rates regardless of the size of the 
community—namely, that the charges 
produce sufficient revenue to provide a 
satisfactory water service, and that 
such revenues be collected equitably 
from the various groups of consumers. 
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Revenue must provide funds suffi- financed by the use of revenue bonds, 
cient to pay: the banker’s requirement for a margin 
1. All necessary operating and main- of 30-100 per cent (roughly, the ac- 
tenance expenses tual debt requirements for the bond 
2. All costs of minor extensions to term), which often proves sufficient to 
the system, rather than a financing of build minor additions and provides ad- 
such minor extensions ditional amounts for a depreciation re- 
3. All fixed charges applicable to the serve which can be applied to a later 
plant account. These include: major expansion or more rapid retire- 
a. In certain states (where there is ment of debt. 
state regulation of municipal utilities), It has been pointed out that revenue 
annual charges for the depreciation re- must be sufficient; the next point is 
serve, plus return on the rate base (In that of insuring its sufficiency. Reve- 
such states, depreciation reserve and nue, of course, is a function of the 
return furnish the funds to build minor number of gallons of water sold and the 


TABLE 1 


Allocation of Investment in Various Water Works * 


| 
= | s 
Transmission Meters, 
Hydrants 


Storage | General 


Source of Supply Plant Plant 


| 


Well 17 
River 30 
Well and River 28 
Well 

River 
Well 

River 


+ 


© | | 


* All figures are percentages of total investment. 


extensions. Major extensions are price at which it is sold. It has been 
financed by bonds, which, in turn, are common practice to have a low mini- 
amortized through depreciation reserve mum charge and, for that minimum 
and return on the increased investment.) charge, to include enough water to sat- 

b. In cities and towns where regula-_ isfy the use of many customers for 
tion is subject to a city council, the pay- many months of the year. The result 
ment of interest on debt and the amorti- is a large number of minimum bills pro- 
zation of debt (If the normal annual ducing an inadequate amount of reve- 
charges for depreciation were equal to, nue. This situation is not peculiar to 
or greater than, the amortization of small towns, but applies to larger cities 
debt, the charge would need to include as well. A review of several bill analy- 
only the interest on debt and the annual ses has produced the data shown in 
charge for depreciation, to make it Table 2. In Milwaukee, it is found 
sound. ) that approximately 50 per cent of the 

c. In cities and towns where regula-_ bills are for 7,000 gal per month, or 
tion is subject to a city council, and less. The tabulation indicates the aver- 
where major improvements are being age customer usage to be less in the 
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‘ 

7 | 37 17 9 

— 51 16 2 

— 45 | 27 | 4 

-- | 50 | 10 

— | 24 } 18 _ 

| | 30 1 
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small-size town than in the larger city. 
This may not be as great a per capita 
difference as indicated, because water 
is ordinarily sold through a single 
meter, even though it may be to a 
building that includes several apart- 
ments. The multifamily situation is 
met at Fargo, North Dakota, by a serv- 
ice charge plus a commodity charge 
rate in which the service charge is 
dependent upon the number of single- 
family units served through a single 
meter. 


Unique Problems in Water Supply 


The water system furnishes, at a 
very low cost, a product that is most 


TABLE 2 


Typical Customer Usage Relative to Size of Community 
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in the winter season, and thereby level 
the load factor. The electric industry 
has air-conditioning use in the summer 
and the added lighting load in the win- 
ter, plus the benefit of many new appli- 
ances that tend to produce a good an- 
nual load factor and more income. 
The water works industry, however, 
finds itself confronted with a business 
that has but one peak season of rela- 
tively short duration. When it is hot 
and dry, there is the sprinkling load, 
and, at the same time, there is the 
added load of air conditioning. In the 
winter season, however, when the de- 
partment has capacity of plant to de- 
liver and a sufficient water supply, it 


Percentage of Total Bills 
City Number of Customers |—— a 
0-2,000 gal 2,001—5,000 gal 
Erie, Kan. 480 40 40 
Marshall, Mo. 2,560 37 — 
Emporia, Kan. | 5,000 34 29 
Owensboro, Ky. 10,000 20 45 
Milwaukee, Wis. 125,000 5 27 


essential and for which there is no 
substitute. Nevertheless, the industry 
(particularly the municipally operated 
utility) has been, in most instances in 
the past, either unaware of or negli- 
gent in appreciating the value and full 
cost of the service. Only a very seri- 
ous need of additional revenue has 
forced the problem to the forefront of 
the industry’s attention. It finds itself 


confronted with the need for more 
revenue to meet additional operating 
cost per unit of production, and to meet 
the increased cost of financing plant 
expansion. The gas industry may seek 
out an interruptible customer, serve 
him well in the summer and partially 


seldom can find a customer where re- 
quirements will tend to improve sales 
and revenues. The industry, then, is 
faced with a summer peak period, and 
is required to provide plant to meet 
that season’s extreme loads. 

It is true that the automatic washer 
and the disposal unit have added some 
load; however, its impact on an im- 
proved load factor and added revenues 
is relatively small. 

Many municipally owned water utili- 
ties secure little or no revenue from the 
city’s general fund to correspond to the 
hydrant rental charge made by the pri- 
vate utility, and this is a further loss 
of revenue. Unfortunately, today’s 
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general taxing system is in bad shape 
to meet the requirements of nonrevenue- 
producing services of a niunicipality. 


Fire Protection Costs 


The water system is built primarily 
for two purposes: to safeguard the 
community against losses due to fire 
and to furnish a supply of safe and 
potable water. It is recognized that the 
customer should pay for the water he 
uses; however, too often the commu- 
nity’s responsibility to defray the costs 
of fire protection is ignored. The value 
of fire protection to the individual and 
community correspond more nearly to 
the normal tax base—that is, the more 
property protected for an individual, 
the fairer it is that he pay on the basis 
of the value of that property, rather 
than upon the basis of water consumed. 
There are instances, of course, where 
an owner who has extensive properties 
and whose water consumption is nil 
benefits insurance-wise from the fire 
protection afforded by the water 
system. 

The industry has failed generally in 
municipal systems, and to some degree 
in private systems, to secure the proper 
recognition and acceptance of the com- 
munity’s responsibility to defray the 
fire protection costs. Special fire pro- 
tection systems, such as sprinkler sys- 
tems within a building, whose entire 
effectiveness is dependent upon its con- 
nection to the water system, have been 
recognized, generally, to warrant a 
monthly charge for such connection to 
the main. This charge is generally pro- 
portional to the size of the connection. 

The necessity of securing adequate 
revenue from water consumers and an 
adequate community charge for fire 
protection is something all towns and 
city water departments should strive 
to secure. 
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In the AWWA water rates manual 
(1) the application of a suggested basis 
for fire protection charges showed an 
annual charge of approximately $1 per 
capita for the larger cities, and more 
nearly $2 per capita for cities of 10,000 
population and less. 

The situation requires a substantial 
minimum charge to customers, to in- 
sure adequate revenue. This substan- 
tial minimum is warranted, as was indi- 
cated in the number of bills that are for 
relatively small amounts of water, and 
when it is realized that plant invest- 
ment averages $300-$400 per customer 
in many properties. These minimum 
bills for 2,000 gal per month and less 
in many smaller cities will require a 
minimum of $2-$3 per month. 

It has, unfortunately, been too long 
the practice in the water works indus- 
try to have a low minimum charge, and 
a charge too low for water in the last 
bracket of the rate structure. The 
lack of an adequate minimum charge 
has produced too little revenue because 
of the large number of customers pay- 
ing such charges, and inadequate re- 
muneration from the large consumer 
has further jeopardized the revenue. 


Cost-of-Service Data 


The small water plant, defined as 
one with 1,000 water customers or less, 
does not have a large staff. In fact, 
in the smaller units a typical staff 
would consist of the men at the plant 
who treat the water and see that it is 
delivered into the system and, perhaps, 
one man who does all of the operating 
and maintenance of the distribution sys- 
tem; in the office, perhaps a man who 
reads the meters, takes calls, and, with 
the aid of a woman clerk, computes all 
water customer bills, collects payments, 
and does whatever accounting is neces- 
sary. Under these conditions, the op- 
erator wonders how he can maintain 
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records that are of any value in analyz- 
ing rates. This is simpler than appears 
at first glance. For instance, the sta- 
tistics which are valuable in a rate 
analysis and which should be recorded 
are: 

1. Total water pumped, in thousands 
of gallons or hundreds of cubic feet 

2. Total water pumped into the dis- 
tribution system 

3. Total water 
derived 

4. Estimate of water not sold, but 
accounted for 

5. Number 
into single-family, 
commercial customers. 


sold and revenue 


of customers—divided 
multifamily, and 


TABLE 3 


Price Trends in Representative Water Works Installation * 


1914 } 1926 
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expense and general accounting or sta- 
tistics should be included. 

These data, together with a detailed 
bill analysis and a relatively accurate 
plant account can provide a basis for 
the development of a reasonable rate 
schedule. 

Most meter readers have recorded 
on each account card the size of the 
meter installed, which affords data on 
the customer’s potential demand on the 
system. 

In small towns there are relatively 
few nonconserved, water-cooled air- 
conditioning units, and their location 
is quite common knowledge. A review 
of those customers’ bills throughout the 
year will quickly determine their re- 


1930 } 1946 1956 


| 
Water pipe (6-in.) laid, per foot | $0.66 | $1.35 |$1.05 |$ 1.89 
15.00 | 44.52 | 29.37 | 


Valve (6-in.) and box, placed 
Hydrant valve (4-in.) with two 2.5-in. | 
nozzles, placed 


Manual. 


6. Data on department’s debt and 
interest requirements 

7. Data on depreciation accruals, 
both annual and total. 

Expense data from the production 
plant should include the cost of labor, 
chemicals, energy for pumping, and 
supplies. This may be conveniently 
subdivided into source of supply, pump- 
ing, and treatment expense. Data on 
expenses of the distribution system 
should cover the cost of labor, divided 
according to operation, maintenance, 
and supplies. Maintenance can, per- 
haps, be further subdivided into distri- 
bution mains, services, and meters. In 
the general office, the costs of labor 
and supplies, divided into customer 


| 28.80 67.75 


$ 4.00 
59.24 95.00 


55.39 127.00 160.00 


* Prices are for work in the same region and conform closely to trends shown in the AWWA Water Rates 


quirements in the hot months, and safe- 
guards may be provided in the general 
rate structure, or by the introduction 
of a special rate. 

The data can be analyzed, and de- 
mand, commodity, and customer cost 
developed together with special serv- 
ices. General subdivisions of expenses 
will be production, distribution, hy- 
drants, services, meters, and customer 
or commercial expenses. The general 
subdivisions of plant will be produc- 
tion, distribution, customer facilities, 
hydrants and connections, and gen- 
eral plant. 

Meter sizes are often used as a 
basis for computing potential demand, 
with proper diversity factors for dif- 
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ferent customer groups, such as resi- 
dential and commercial. Required fire 
flows measure the potential fire de- 
mand, and water delivered furnishes 
the unit upon which commodity cost is 
allocated. Customer costs normally 
are dependent on number of customers 
served, and are so allocated. 

The only refinement the larger sys- 
tem may employ is that of dividing 
expenses and investment into more 
specific parts, having more studies of 
special loads, and more accounting and 
statistical data, which reflect climatic 
and special conditions in a more de- 
tailed manner. 

There are still some municipal water 
utilities burdened with rates established 
years ago which are not in line with 
present costs. Table 3 shows the trend 
in prices and indicates the increased 
costs of plant as well as maintenance 
in recent years. The prices are for 
work in the same general region. 


If a water utility’s charges in earlier 
years were equitable, it is certainly 
necessary that they be raised under 
present conditions in order to absorb 
increased costs of labor and materials 
and provide for fixed charges on plant. 


Special Rate Problems 


The General Waterworks Corpora- 
tion of Arkansas was the first to se- 
cure a decision from its state regula- 
tory commission authorizing an extra 
charge for water used in nonconserved 
air-conditioning units. This was cer- 
tainly a forward step, and furnished 
many water utilities the incentive to 
secure proper compensation for a 
wasteful seasonal addition to the sys- 
tem peak requirements. The annual 
surcharge per ton for nonconserved 
units was set at $12.50. In subse- 
quent cases under different conditions, 
the annua! surcharge authorized has 
reached $40.00 per ton for non- 
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conserved air-conditioning units (St. 
Louis County, Mo.). The amount of 
such a load and its effect on system 
operations varies with the locality and 
with different years in the same lo- 
cality. But it is always a potential 
threat to satisfactory water service be- 
cause of its quantity requirements. 

Lawn sprinkling poses certain prob- 
lems in peak considerations; these, 
however, are usually solved without 
serious impairments in service. Sprin- 
kling problems are usually most severe 
in communities where flat rates are still 
in effect. Fortunately, these are being 
gradually superseded and meters are 
being installed. 

The operator and the governing 
board of a water utility must recognize 
that it is impossible to render satisfac- 
tory service without adequate funds; 
that the service rendered is of real 
value; that equitable rates impose no 
undue burden ; that a fair rate structure 
will not drive industry out of a city; 
and that the utility must have adequate 
revenues if it is to furnish proper serv- 
ice and be prepared to meet the re- 
quirements of future growth. 

Rates in the small towns must meet 
these requirements too, with the only 
difference from the larger cities being 
the ratio of the primary subdivisions 
of cost of service—namely, demand, 
commodity, and customer costs. Local 
conditions influence such costs, and it 
can rather safely be said that compari- 
son of water rates is of less meaning 
than comparison of rates of electric and 
gas utilities. It is imperative that each 
water utility determine what rate struc- 
ture will fit its requirements, irrespec- 
tive of what other water utilities charge. 


Reference 


1. Water Rates Manual—AWWA M1. Am. 
Wtr. Wks. Assn., New York (1957). 


ciates, Pasadena, Calif. 


HE “safety” or sanitary quality of 

a water supply may be likened to 
the trustworthiness or character of an 
individual. Trustworthiness in a per- 
son cannot be measured by a simple test 
such as weighing the subject, but is 
established by a long history of satis- 
factory performance and is often evalu- 
ated by extent and frequency of devi- 
ations from the normal. So it is in 
determining whether water supplies are 
trustworthy—whether “safe water” is 
actually being distributed. Safety in 
water quality is relative, not absolute, 
and sampling and analysis techniques 
simply establish a history which, in 
one’s best judgment, indicates that the 
danger in consuming the water is so 
small that it may properly be dis- 
regarded. 


Standards of Quality 


Certain standards of water quality, 
divided into three main categories, 
guide the judgment of results: 

Physical. Such attributes as color, 
turbidity, taste, odor, and presence of 
visible organisms are readily apparent. 
They are tolerated by the consumer in 
varying degrees, dependent upon avail- 
ability of alternate supplies and the 
cost of treatment. Although numerical 
limits for color and turbidity are estab- 
lished in the USPHS Drinking Water 
Standards (1), many supplies exceed 
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these values without causing concern. 
Generally the customer is the best 
judge of physical quality. 

Bacteriological. The water works 
operator strives to produce water com- 
pletely free from coliform organisms. 
Sanitary acceptability is commonly 
evaluated by two criteria, the first of 
which is the MPN (most probable 
number) of coliform organisms found 
in a given quantity of the water. Not 
harmful in themselves, coliform organ- 
isms include Esch. coli and Aer. aero- 
genes. Both are found abundantly in 
sewage and both also grow on cellu- 
losic material outside of animal bodies. 
Coliform organisms tend to predomi- 
nate in fecal matter, whereas growths 
on vegetable matter are often mostly 
Aerogenes. The commonly applied 
USPHS Drinking Water Standard 
(1) involves taking at least one sample 
per month and dividing it into five 
10-ml portions. Not more than 10 
per cent of the 10-ml portions exam- 
ined per month may show the presence 
of organisms of the coliform group. 

The second criterion is the sanitary 
survey, which indicates possible sources 
of contamination causing unusual den- 
sities of coliform organisms. 

Mineral. Usual standards for min- 
eral quality are those of the USPHS 
for drinking water supplied by common 
carriers in interstate commerce (17). 
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These mineral standards are a curious 
collection of objective values, safe lim- 
its, and administrative limits. Some- 
times these standards have been mis- 
understood and have been looked upon 
as maximum allowable values beyond 
which toxic or other adverse effects 
might be expected. Although in some 
instances the individual numerical lim- 
its appear to be related to levels at 
which adverse physiological effects 
might begin to be observed, it cannot 
be assumed that one or more constitu- 
ents in excess of the standard would 
make the water unsatisfactory for ordi- 
nary use. 

The chemical or mineral limits speci- 
fied by the USPHS are shown in 
the appendix. 

With the realization that water qual- 
ity standards are somewhat flexible, 
and that there is no fixed point at 
which a water suddenly becomes un- 
usable, some of the common water 


quality problems which confront the 
operator as he endeavors to produce 
a water which is safe and acceptable 
for his consumers can be considered. 


Bacterial Counts 


In surface sources, departure from 
normal bacterial count may occur as a 
seasonal change, related to the flow in 
the stream. In one instance, a change 
in the sanitary quality of the water was 
correlated with the opening of fishing 
season. There are varying opinions 
about proper uses and protection of 
watersheds and about recreational use 
of water supply reservoirs. Experi- 
ence supports the view that properly 
controlled recreational use is satisfac- 
tory for large supply reservoirs. An 
impounding reservoir of a small water 
works must generally be closed to 
recreational use, and habitation of the 
watershed must generally be minimized. 
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Surface supplies in inhabited areas 
should be chlorinated, and, usually, 
dual chlorination equipment will be re- 
quired so that failure of one chlorinator 
will not allow unchlorinated water to 
enter the distribution system. If it is 
not possible to protect the source 
against substantial contamination or the 
threat of such contamination, then the 
water must be filtered as well as 
chlorinated. 

High bacterial counts in a well sup- 
ply will usually indicate improper seal- 
ing at the surface of the well casing. 
Complete sealing of a domestic well 
from the effects of surface drainage is, 
of course, mandatory. If the well is 
adequately protected against surface 
contamination but shows bacterial 
counts, the well may be given a heavy 
chlorine treatment. Hypochlorite solu- 
tion should be added and mixed to give 
a high concentration—about 50 ppm 
in the casing. This solution should be 
left in the casing for several hours, 
then pumped out. Very effective dis- 
infection can also be accomplished with 
a heavy dosage of caustic soda or lye. 
A concentration of 2,000 ppm is 
recommended. 

Such treatment may have only tem- 
porary effect, especially if there is a 
continuing source of contamination 
nearby. For example, one water com- 
pany well which had shown no bac- 
terial counts in many years of service, 
suddenly produced counts with the 
nearest known source of possible con- 
tamination a cesspool 81 ft away. 

With such conditions as these it will 
usually be advisable to chlorinate the 
water from the well, thus providing an 
effective and easily controlled defense 
against bacterial contamination. 

Positive Esch. coli and Aer. aero- 
genes counts in reservoirs supplied only 
with water free of contamination may 
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be due to the droppings of warm- 
blooded animals or birds. In covered 
tanks, the condition is usually corrected 
by properly screening all points of 
entry. Another possible source of high 
counts of the coliform group is growth 
of these bacteria in the reservoir, on 
wood or other cellulosic material. Dif- 
ficulty in one reservoir apparently re- 
sulted from the presence of wood col- 
umns and in another it was caused by 
wood baffles. Since it is almost impos- 
sible to accomplish effective disinfec- 
tion of wood surfaces, it is best to re- 
move the structures if they are causing 
trouble. 

Aer. aerogenes and Esch. coli 
growths in a distribution system may 
occur if cellulosic material is present. 
The use of jute packing in making 
joints in cast-iron pipe has sometimes 
encouraged such growths, and jute 
packing is now looked upon with 
disfavor. 

Troublesome bacterial counts often 
arise following construction and repair 
of distribution systems. It goes with- 
out saying that all foreign matter 
should be excluded from pipelines 
under construction. Standard proce- 
dures now call for disinfection of mains 
before placing them in service, usually 
by applying a chlorine dosage of 20-50 
ppm to the pipe contents for a 24-hr 
standing period. 

One of the sources of contamination 
most difficult to detect is that resulting 
from cross connections. Even with a 
diligent program of elimination, some 
unsuspected cross connections are likely 
to remain in most water supply sys- 
tems. The most common source of 
possible contamination is the garden 
hose, which may be left in such a posi- 
tion that dirty water may be drawn into 
the water system under negative pres- 
sure. One could not expect that this 
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would often be a cause of disease, but 
it is, at least, a hazard. 

Sometimes hoses connected to a pub- 
lic water system are used for operation 
of chemical sprayers. In 1956, two 
men in a Southern California city be- 
came quite ill for a short time after 
drinking water from a convenient gar- 
den hose. Investigation failed to estab- 
lish the cause with certainty, but ap- 
parently there was some toxic sub- 
stance in the hose. Fortunately the 
public water supply was not affected, 
but the possibilities are apparent. 

The water purveyor should do what 
he can by education and enforcement, 
to eliminate cross connections, and then 
he should operate his system on the 
assumption that cross connections exist. 
This means, first and foremost, that a 
positive pressure must be maintained 
in the mains at all times. 


Chemical Content 


Dissolved forms of many of the so- 
called heavy metals are known to exert 
an adverse effect upon persons continu- 
ally consuming such water. Salts of 
lead, copper, zinc, mercury, cadmium, 
selenium, and chromium have been dis- 
cussed in water supply literature, and 
rather strict limits have been placed 
on most of these elements by water 
supply and health authorities. Present 
limits of 0.05 ppm for selenium and 
hexavalent chromium in the USPHS 
Drinking Water Standards (1) appear 
quite unrealistic from the standpoint 
of actual toxicity. There is little actual 
information about toxic concentrations 
of chromium, and what there is does 
not suggest that there is cause for con- 
cern until the concentration of hexa- 
valent chromium exceeds at least 1 
ppm. The smallest concentration at 
which symptoms have been noted is 5 
ppm. But it is unquestionably true 
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that the mere finding of chromium sug- 
gests the presence of a source which 
could become hazardous. Almost in- 
variably, the presence of more than 
trace amounts of heavy metals in a 
water supply indicates industrial waste. 
Although these metals may be removed 
from the water by treatment, a more 
positive approach is location and cor- 
rection of the source of industrial 
waste. 

Nitrate in drinking water at levels 
in excess of about 50 ppm (as NO,) 
is considered undesirable where the 
water may be consumed by infants. 
Blood changes and consequent cyanosis 
may be caused by high nitrates in feed- 
ing water. Nitrates are the end prod- 
uct of the aerobic stabilization of or- 
ganic nitrogen, and as such they occur 
in polluted waters that have undergone 
self-purification or aerobic treatment 
processes. Nitrates also occur in 
ground waters as a result of extensive 
applications of fertilizer or leachings 
from livestock yards or cesspools. No 
community in California is known to 
be attempting reduction of nitrate in 
its supply except by dilution of high 
nitrate sources with other sources of 
low nitrate content. 

Fluoride content of drinking waters 
has received much attention recently 
with respect to its effect upon the rate 
of tooth decay in growing children. 
Many water supplies in California con- 
tain fractional parts per million of flu- 
oride, and occasional supplies show 10 
ppm or more. About 1.0-1.5 ppm is 
considered optimum in the control of 
dental caries, and two or three times 
this dosage may begin to cause con- 
spicuous mottling of tooth enamel. It 
is interesting to note that as, of Oct. 1, 
1956, the USPHS tabulation showed 
that 30,470,272 persons in 1,426 com- 
munities served by 705 water systems 
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were using artificially fluoridated water. 
The operator of every water system 
should be prepared to tell his customers 
the natural fluoride content of the water 
delivered, and, if fluorides are being 
added, he should, of course, maintain 
an adequate program of control and 
testing. 

Such substances as arsenic, anti- 
mony, barium, cyanide, and numerous 
others are toxic in water solutions at 
extremely low levels, but fortunately 
these substances seldom occur natu- 
rally. As a result of combination, pre- 
cipitation, or decomposition, these ele- 
ments usually do not persist in a water 
supply. When found, these “unnatu- 
ral” elements usually indicate the pres- 
ence of man-made materials such as 
industrial wastes, insecticides, and com- 
mercial poisons which may best be con- 
trolled at the source. 

While the preceding discussion has 
concerned itself with elements affecting 
the health of the consumer, numerous 
problems result from need for main- 
taining high aesthetic standards in 
water supplies for human consumption. 
Among these aesthetic considerations 
are appearance, taste, and odor. 


Appearance 

Colored water is one of the most 
frequent complaints in the small water 
system—usually as “red water.” Red 
water is caused by the presence of iron, 
manganese, or both in the supply; by 
a corrosive water supply; or by both 
of these factors. 

Iron “bacteria” often flourish in dis- 
tribution systems which have iron or 
manganese dissolved in the water, but 
they are a symptom and not a cause 
of the presence of these substances. 

When well water containing iron or 
manganese in solution is delivered to 
storage tanks and comes into contact 
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with air, oxides of iron or manganese 
will form and settle out in the distri- 
bution system, usually in areas of poor 
circulation. Iron compounds precipi- 
tate readily, whereas manganese re- 
quires more time for reaction. The 
iron organisms hasten the precipitation 
of iron and are practically essential for 
precipitation of manganese. 

In a coastal community near San 
Luis Obispo, Calif., manganese floc 
precipitated in the street mains several 
days after leaving the well. Because 
of lack of oxygen, the water retained 
manganese in solution until sufficient 
contact with air occurred in the final 
storage vessel. 

When analysis shows more than 
about 0.5 ppm of iron or manganese in 
the raw water, a satisfactory method 
of removal is aeration followed by set- 
tling and filtration, in either an open 
or pressure system. Where the water 
can be isolated from air prior to treat- 


ment, these troublesome elements may 
be removed in a special filter, which is 
regenerated at intervals with potassium 


permanganate. Under some conditions, 
iron and manganese less than 0.5 ppm 
may be “sequestered” or prevented 
from acting, by feeding a few parts per 
million of complex phosphates before 
exposure of the water to air. 

In addition to iron present in the 
supply, iron may be introduced into 
the system by the corrosive action of 
water on iron pipe, particularly in areas 
of poor circulation. Here it is impor- 
tant to correct the corrosive nature of 
the water, insofar as possible, by reduc- 
ing dissolved oxygen or raising the pH 
to bring the water to saturation with 
calcium carbonate. Flushing of dead 
ends is likely to be necessary to reduce 
complaints. 

Turbidity in a water system most 
frequently arises from presence of clay, 
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silt, finely divided organic matter, and 
aquatic organisms in the source. Oc- 
casionally, however, secondary reactions 
will take place in storage tanks and 
distribution systems, resulting in pre- 
cipitation of metallic hydroxides which 
make the water cloudy. In treated 
supplies, insufficient time may have 
been allowed for completion of chemical 
reactions at the point of treatment, and 
a chemical precipitate, or “after-floc” 
may form in the distribution system. 
Prolonged storage before delivery into 
the distribution system usually provides 
sufficient time for settling visible par- 
ticles which cause objectionable tur- 
bidity. In extreme cases of inert tur- 
bidity, aesthetic considerations may re- 
quire filtration through sand or diato- 
maceous earth. 

Although apparently not a significant 
problem in California water supplies, 
snails, worms, and larvae in distribu- 
tion systems have been reported (3, 
4). Eradication of these pests seems 
to be accomplished generally by re- 
moval of their food supply coupled with 
chemical treatment or physical clean- 
ing, followed by flushing of the mains 
before the dislodged organisms enter 
the meters and house plumbing. 


Tastes and Odors 


By far the greatest number of con- 
sumer complaints result from tastes 
and odors evident at the consumer’s 
taps. Generally, these complaints fall 
into one of three categories: products 
of biological processes such as those of 
algae, actinomycetes, and other organ- 
isms ; sulfides, usually caused by sulfate- 
reducing bacteria in the presence of 
organic matter; and chemical or me- 
dicinal tastes, often a result of some 
nearby industrial waste effect and 
sometimes a result of marginal chlo- 
rination. Moderate chlorination of 
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supplies tainted with these taste and 
odor-producing agents often accentu- 
ates them to the point where the water 
becomes unusable. Research by Silvey 
and Roach (5) indicates that aquatic 
actinomycetes (filamentous mold-like 
organisms) are responsible for a large 
proportion of the tastes and odors that 
occur sporadically in surface supplies, 
and which were formerly attributed to 
“disintegrating organic matter.” 
Unfortunately no universal cure can 
be prescribed for taste and odor prob- 
lems, because any of numerous agents 
may be responsible. Individual inves- 
tigation of each problem usually results 
in recommendation of one of the follow- 
ing relatively standardized means of 
correction : interruption of the life cycle 
of the bacteriological or biological 
agent, as by chlorination or other 
chemical treatment; introduction of 
oxygen into anaerobic waters, both to 
oxidize any sulfides present and to 
satisfy oxygen requirements of the 
sulfate-splitting bacteria; physical re- 
moval of causative agents by filtration 
or microstraining; chemical oxidation 
of odorous compounds, by free residual 
chlorination or chlorine dioxide treat- 
ment; and, for man-made causes, inves- 
tigation and elimination of the source. 


Special Needs 


Another group of water quality 
problems which neither affect the 
health of the consumer nor offend his 
senses is concerned with special needs 
of certain consumers. Laundries, ice 
plants, steam plants, as well as the criti- 
cal housewife, are sensitive to the hard- 
ness of water and are often concerned 
with the costs of treatment to make 
the water suitable for their needs. De- 
centralization of industry has empha- 
sized the special needs of certain indus- 
tries for water of low dissolved-solids 
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content to prevent deposition of salts on 
rinsed metal parts. Food and beverage 
industries are particularly desirous of 
receiving uniform high-quality water 
which meets rigid specifications. Small 
water systems supplying substantial 
amounts for irrigation will find that 
their customers are interested in the 
content of boron, chloride, bicarbonate, 
and the ratio of sodium to the total of 
sodium, calcium, and magnesium. 
These factors determine the usefulness 
of water for irrigating certain crops, 
and, thus, may have a direct effect on 
the user’s crop return. 


Evaluation of Quality 


Of the four types of tests required 
for full evaluation of a water supply— 
physical, bacterial, mineral, and the 
“transitory” field tests—the operator is 
usually prepared to conduct only the 
first and the last. He can judge color, 
taste, odor, and turbidity at all points 
in the system, and should do so regu- 
larly. For control purposes, or for 
other special interests, the operator 
may determine residual chlorine, pH, 
dissolved oxygen, or total sulfides. 
For accurate results the latter two tests 
must be made immediately after sam- 
pling, because their values change in 
transit—hence the use of the word 
“transitory.” Bacterial tests are cus- 
tomarily made by the local health de- 
partment, but if occasional checks are 
needed, the operator is usually aware 
that samples must be taken in sterile 
bottles under sterile conditions, and 
that samples must be refrigerated if 
not delivered to the laboratory imme- 
diately. Interpretation of results is 
normally furnished by the health de- 
partment or analyzing laboratory. 

Chemical or mineral analysis is usu- 
ally done by a public or private labora- 
tory upon submission of at least a 0.5- 
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gal sample in a clean, sealed container 
as soon as possible after sampling. 
The typical analysis consists of a series 
of specific tests for constituents com- 
monly encountered in water supplies. 
Determination of small and_ trace 
amounts of every element present is 
neither practical nor economical. 

The ordinary mineral analysis will 
reveal the following : 


pH Bicarbonate 
Conductivity Sulfate 
Carbon dioxide Chloride 
Total hardness Fluoride 
Calcium Nitrate 
Magnesium Iron 
Sodium Silica 
Potassium Boron 


Percentage sodium 


Many other tests are available for 
specific elements; if tests are being 
made to answer some particular com- 
plaint, the operator should make this 
fact known to the laboratory in order 
that the proper analyses may be chosen. 


Conclusion 


Experience has shown that many as- 
pects of water quality are interrelated. 
For example, corrosion, Crenothrix, 
and red water are related to the pres- 


4.1. Physical characteristics *—The tur- 
bidity of the water shall not exceed 10 
* The requirements in section 4.1 relating 
to turbidity and color shall be met by all 
filtered supplies. Turbidity and color limits 


for unfiltered waters and the requirements 
of freedom from taste or odor for filtered or 
unfiltered waters should be based on reason- 
able judgment, giving due consideration to 
all local factors. 
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ence of iron, oxygen, and bacteria in 
a complex manner which is revealed 
after study of the particular problem. 
The answer to a problem in one system 
is not always the same in another, even 
though the symptoms may be similar. 
Just as the doctor inquires into the past 
medical history of his patient, so should 
the waterworks operator keep continu- 
ing records of water quality. Such rec- 
ords afford valuable background infor- 
mation when troubles arise, and they 
provide the alert operator with fore- 
warning of probable complaints. Well- 
kept water quality records serve as 
good insurance against unreasonable 
claims upon the purveyor. 
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ppm (silica scale), nor shall the color ex- 
ceed 20 (standard cobalt scale). The 
water shall have no objectionable taste 
or odor. 

4.2. Chemical characteristics—The wa- 
ter shall not contain an excessive amount 
of soluble mineral substance, nor exces- 
sive amounts of any chemicals employed 
in treatment. Under ordinary circum- 
stances, the analytical evidence that the 
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water satisfies the physical and chemical 
standards given in sections 4.1 and 4.21 
and simple evidence that it is acceptable 
for taste and odor will be sufficient for 
certification with respect to physical and 
chemical characteristics. 

4.21. The presence of lead (Pb) in ex- 
cess of 0.1 ppm, of fluoride in excess of 
1.5 ppm, of arsenic in excess of 0.05 ppm, 
of selenium in excess of 0.05 ppm, of 
hexavalent chromium in excess of 0.05 
ppm, shall constitute grounds for rejec- 
tion of the supply. ... 

Salts of barium, hexavalent chromium, 
heavy metal glucosides, or other sub- 
stances with deleterious physiological ef- 
fects shall not be added to the system for 
water treatment purposes. 

4.22. The following chemical substances 
which may be present in natural or 
treated waters should preferably not oc- 
cur in excess of the following concentra- 
tions where other more suitable supplies 
are available in the judgment of the certi- 
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fying authority. Recommended methods 
of analysis are given in section 4.3. 

Copper (Cu) should not exceed 3.0 
ppm. 

Iron (Fe) and manganese (Mn) to- 
gether should not exceed 0.3 ppm. 

Magnesium (Mg) should not exceed 
125 ppm. 

Zinc (Zn) should not exceed 15 ppm. 

Chloride (Cl) should not exceed 250 
ppm. 

Sulfate (SO,) should not exceed 250 
ppm. 

Phenolic compounds should not exceed 
0.001 ppm in terms of phenol. 

Total solids should not exceed 500 ppm 
for a water of good chemical quality. 
However, if such water is not available, 
a total solids content of 1,000 ppm may 
be permitted. 

Note: Chemically treated waters have 
special pH and alkalinity requirements 
not listed here. 


Recommended Meter Testing Procedure Available 


The AWWA Meter Committee report on meter testing, first published in 
the June 1956 issue of Willing Water, was approved by the Board of Directors 
on Jan. 28, 1957, as a Tentative Recommended Procedure and has been given 
the designation AWWA C705-57T. Reprints, in the usual 6 X 9-in. format, 
can be obtained for 20 cents each from: Order Department, American Water 
Works Assn., 2 Park Ave., New York 16, N.Y. 


Organizing a Safety Program 


Mark B. Whitaker 


A paper presented on Sep. 18, 1956, at the Kentucky-Tennessee Section 
Meeting, Chattanooga, Tenn., by Mark B. Whitaker, Gen. Mgr., 
Knoxville Utilities Board, Knoxville, Tenn. 


ROTECTION of employees from 

accidental injury and damage to 
health is a responsibility of manage- 
ment. Modern management accepts 
this responsibility, and if any justifica- 
tion is needed, the following reasons for 
it may be cited: 

Legal obligation. All states have 
laws that require employers to com- 
pensate for injuries suffered by their 
employees while on the job. Also re- 
quired are reasonable safety standards 
for employee protection. 

Social responsibilities. A safe work- 
ing condition is a moral obligation im- 
posed by society. The increasing em- 
phasis on accident prevention has been 
evident for many years. Manage- 
ment which fails to accept this re- 
sponsibility will find that public opin- 
ion will support additional govern- 
mental regulations. 

Economic necessity. Accident pre- 
vention is simply good business. The 
prevention of an accident costs less than 
its expenses—a fact that has been 
proved many times in the experience of 
thousands of industrial operations. 

Safe working conditions and accident 
prevention can be accomplished only by 
the organization and the coordination 
of efforts of all concerned. The func- 
tions of a program to accomplish this 
objective are usually planned by the 
staff and administered by the line 
organization. 


Frequency Rates 


Organized safety programs in water 
utilities are comparatively new. Other 
utilities such as those in communica- 
tions, power, gas, and transportation 
have had them for longer periods. The 
lag in water utility programs is partly 
a result of the fact that water works 
are generally small and have been oper- 
ated as part of the municipal govern- 
ment rather than as an industry. 

In 1945, the accident frequency rate in 
water utilities was approximately 35.46. 
This means there were 35.46 disabling 
injuries for each 1,000,000 man-hours 
worked. The latest figure available 
(1954) indicates that this frequency 
has dropped to 17.18, or about one-half 
of the 1945 rate. With such results, 
there seems to be no reason why water 
operations cannot establish a frequency 
rate comparable to industry or to other 
utilities. In 1954 the general industrial 
frequency rate was 7.22; the gas utili- 
ties rate, 10.51; the electric utilities 
rate, 8.62; and the communications 
frequency rate was 1.30. 


Planning a Program 


Planning and organizing a safety 
program presents a number of prob- 
lems. The Knoxville Utilities Board, 
Knoxville, Tenn., has recently under- 
taken to plan an overall program which 
brings out many of the problems in- 
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volved. The board is made up of 
three operating units: the Bureau of 
Power, Bureau of Water, and the Bu- 
reau of Gas. The fourth bureau, the 
Bureau of Accounts, administers the 
accounting for the three operating bu- 
reaus. Each of the operational units 
has its own individual needs and proce- 
dures and these may differ from those 
of other bureaus. A safety engineer, 
reporting to the general manager, was 
selected to head the safety program for 
the entire board. He acts in an ad- 
visory capacity and handles all safety 
problems and procedures directly with 
the bureau superintendents, as they are 
charged with the authority and respon- 
sibility of their bureau operations, and 
he in turn keeps the general manager 
advised of the actions, procedures, and 
practices of each bureau. 

The safety engineer has a secretary 
and a safety supervisor in the power 
bureau; another safety adviser has a 
joint responsibility of the water and 
gas bureaus as their maintenance and 
operation problems are somewhat simi- 
lar. The safety supervisors are respon- 
sible for promoting safety in the divi- 
sions assigned to them. 


Initial Implementation 


The first step was to revise the rule 
books, so that, rather than being safety 
rules, they were prepared as a book of 
instructions and were issued as orders 
under the signature of each bureau su- 
perintendent. When a safety procedure 
is violated, therefore, the employee is 
not breaking a rule but disregarding 
orders. This gives the foreman and 
safety supervisors the backing they 
need in enforcing safety practices. 

Each employee is given one of the 
instruction books and signs an agree- 
ment to abide by the safety instructions 
as long as he continues to be an em- 
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ployee of the board. He is required to 
know the instructions pertaining to his 
particular bureau, and from time to 
time questions or quizzes are given in 
order to be sure that the employees and 
supervisors are familiar with safety 
requirements. 


Reporting and Investigating 


The next step was to centralize acci- 
dent reports and records. Accident re- 
ports concerning employee injury, pub- 
lic liability, and motor vehicles, are 
made out in the department in which 
the employee works, and a_ penciled 
copy of the report is forwarded to the 
safety engineer who makes additional 
copies. Copies are sent to the insur- 
ance carrier, the bureau superintendent, 
the division head, the safety supervisor, 
and the personnel director, and a copy 
is retained by the safety engineer for 
his files so that everyone in the organi- 
zation concerned with the responsibility 
for the accident, or actions necessary 
to be taken resulting from the accident, 
has factual information for action. 

The next step, which is essential in 
any safety program, is the investigation 
of accidents. Each accident of any con- 
sequence is investigated by a committee 
composed of three employees in the de- 
partment concerned, the department 
head, and the safety supervisor. The 
safety supervisor acts as secretary and 
records the minutes. This committee 
is a fact-finding committee only and re- 
ports the results of its findings to the 
department head, who takes all disci- 
plinary action. The aim of the com- 
mittee’s action is to keep all parties 
concerned informed and to insure abso- 
lute fairness of any disciplinary action 
that may be required. The foreman is 
the key figure in any safety program. 
Foremen meetings have been organized 
in which not only safety, but other mat- 
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ters are discussed. These meetings are 
held at least monthly and from time to 
time in the meetings, a representative 
from the insurance carrier may be pres- 
ent, the board’s attorney may discuss 
the Workmen’s Compensation Act, or 
someone else may be there to discuss 
matters of safety. These meetings are 
held principally to emphasize the fore- 
man’s part in management and his re- 
sponsibility in conducting a_ safety 
program. 

Each month a report of all accidents 
is made, indicating progress or lack of 
it for the previous month and year. 
Every supervisor and foreman in the 
board receives a copy of these reports, 
and copies are sent to the insurance car- 
rier’s safety engineer in order to keep 
him posted on progress and to take ad- 
vantage of any suggestions that he may 
have to offer. 


Other Incentives 


Each month the house organ, the 
KUB Reporter, has a column headed 
“Keep Your Name Out of This Col- 
umn,” in which all accidents, the name 
of the employee involved, his depart- 
ment, and a short description of the 
event, are given. A monthly safety 
letter is issued to all drivers—each 
letter conveying some suggestions on 
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safe driving. The use of brakes, park- 
ing on hills, speeding, and maintenance 
of vehicles are the types of subjects 
covered. <A safety suggestion box is 
kept in each department, and the em- 
ployees are encouraged to offer any 
suggestions that will promote safety 
on the job. 

Other means to stimulate safety 
thinking have been used—means such 
as outdoor safety banners, bulletin 


board safety posters, safety literature 
issued to supervisors, and safety articles 
in the house organ. 


Conclusions 


A safety program will be effective 
only if the cooperation of all super- 
visors and foremen is offered. If co- 
operation is lacking, only lip service 
will be paid, and no effective results 
will be shown in the reduction of acci- 
dents. Administering a safety program 
is not particularly complex compared to 
securing the cooperation of the employ- 
ees who may realize the importance of 
their own safety, but are indifferent to 
the aims of management. Management 
must lead. If it is indifferent, employ- 
ees will follow the example. Anything 
other than a planned persistent effort 
will be fruitless. 
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1956 Safety Record at Chicago 


The Chicago Department of Water and Sewers 1956 report on the operation 
of the safety program in the Bureau of Water provides some interesting statistics. 
Table 1 lists statistics relating to the nondisabling and disabling accidents for 
the year, by division and work classification. The table shows that slow prog- 
ress is being made in reducing injuries. Two factors, no doubt, have a direct 
influence on the rate of progress: [1] the newness of the program which has for- 
bidden a thorough indoctrination of all employees; and [2] the currently low 
accident frequency rate of water utilities which has made it difficult to show a 
sharp rate reduction in any year. It will be noted that injuries in the Collection 
and Distribution divisions are high. Construction and maintenance in these 
divisions are chiefly responsible for the higher rates. 


TABLE 1 
Injuries at Chicago Bureau of Water, 1956 
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Time Fre- 
Lost | quency 
days Rate 


Disa- 
bling 
Injuries 


Nondis- | 
abling 
Injuries 


Time 
Worked 
Division ployees | man-hr 


Summary by Division of Bureau 


Administration 
Collection 

Distribution 

Meter 

Pump station operation 
Purification 


Total, 1956 
Total, 1955 
Total, 1954 


60,102! 0 
560,981; 10 
3,270,285, 
199,217, 
1,128,229 
433,433 
5,652,247 
5,701,336) 


241 
266 


5,345,998] 271 


1,653 | 11.62 
0| 0.00 

3 | 0.89 
177 | 9.23 
1,871 
1,699 
2,029 


8.85 | 
8.95 | 


Type of Work 


Engineering plan. & layout 

Waterline construction 

Waterline maintenance 

Pumping cribs & tunnels opera- 
tion 

Pumping plant operation 

Water purification 

Water safety control 

Laboratory 

Meter reading 

Meter shop setting & inspection 

Administration & clerical 

Janitor 

Watchman 


Summary by Work Classification 


| 1,178,224 
1,504,248 


193,215) 


53,476 
1,050,281 
238,679 
60,853 
47,855) 
292,336 
290,121 
661,276 
14,163 
67,520 
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2,645 | 51 | | 380 

o| 0| 0.00 000 
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738 15 | 412| 9.97| 274 
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23 | 0 eas 000 
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148 29 | 17.10 99 
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365 | 9 14 
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American Water Works Association 


Standard Specifications 


for 


COAL-TAR ENAMEL PROTECTIVE COATINGS 
FOR STEEL WATER PIPE 


The American Water Works Association has 
adopted and promulgates these “Standard Specifi- 
cations for Coal-Tar Enamel Protective Coatings 
for Steel Water Pipe.” They are based upon the 
best known experience and are intended for use 
under normal conditions. They are not designed 
for unqualified use under all conditions, and the 
advisability of use of the material herein specified 
for any installation must be subjected to review by 
the engineer responsible for the construction in the 
particular locality concerned. 


First Edition approved Apr. 25, 1940; revised 1949, 1950, 1951, 1955. 
Second Edition approved Mar. 27, 1957 


@ Price of reprint—45¢ per copy 
@ Approximate date available—Aug. 15, 1957 


AMERICAN WATER WORKS ASSOCIATION 


Incorporated 


2 Park Avenue, New York 16, N.Y. 
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Latest Revisions to C203 (Formerly C203 & C204) 


On Mar. 27, 1957, the AWWA Board of Directors approved the publication 
of a new edition (the second) of Specifications C203, combining into one docu- 
ment the former Specifications C203 (applicable to pipe of 30 in. and over) and 
C204 (applicable to pipe up to 30 in.). The resulting revisions affect every 
section of the specifications, to a greater or lesser extent. All printings of the 
First Edition are obsolete. 


Designation. The former designation, “C203-55,” has been changed to 
“C203-57.” The C204 designation has been eliminated. 


This printing contains all the revisions and changes summarized above. 


© 1957 by the American Water Works Assn., Inc. 
as part of the July 1957 Journal AWWA 
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AWWA C203-57 
(Formerly C203 & C204) 


Standard Specifications for 


Coal-Tar Enamel Protective Coatings 
for Steel Water Pipe 


Sec. 1.1—Purpose 


These specifications cover the mate- 
rial and application requirements for 
coal-tar enamel protective coatings for 
steel water pipe to be installed under 
normal or average construction condi- 
tions in any soils, or aboveground. 

An Appendix has been added to 
these specifications to provide addi- 
tional exterior protective measures for 
steel water pipe to be installed under 
unusual construction conditions—such 
as submarine lines, casing pipe, and 
river crossings—and in exceptionally 
rocky areas. 

The purchaser, when inviting bids, 
shall specify his requirements for pro- 
tective coating by referring to the des- 
ignation of these specifications and to 
the section and subdivision of the Ap- 
pendix for the type of additional pro- 
tection if such be required. In addi- 
tion, the purchaser shall supply certain 
detailed information covering each indi- 
vidual contract in accordance with Sec. 
1.3 of these specifications. 


Sec. 1.2—Scope 


Corrosion protection as_ provided 
under these specifications is as follows: 

1.2.1. For the inside of all pipe, a 
coat of coal-tar primer followed by a 
hot coat of coal-tar enamel applied 
either by manual or mechanical means. 

1.2.2. For the outside of all pipe 
less than 30 in. in diameter to be placed 
underground, a coat of coal-tar primer 
followed by a hot coat of coal-tar 
enamel into which shall be bonded a 
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single layer of asbestos felt wrap, and 
finished with one coat of water-resistant 
whitewash or a single wrap of kraft 
paper as outlined in the Appendix. 

1.2.3. For the outside of all pipe 30 
in. in diameter and larger to be placed 
underground, a coat of coal-tar primer 
followed by a hot coat of coal-tar 
enamel and one coat of water-resistant 
whitewash. If the purchaser desires a 
layer of asbestos felt wrap as outlined 
in the Appendix, he shall so state in 
the call for bids. 

1.2.4. For the outside of all pipe to 
be placed aboveground exposed to the 
weather, two coats of synthetic red lead 
primer (or one coat of synthetic red 
lead primer and one coat of synthetic 
white enamel) and one coat of alumi- 
num paint. 

1.2.5. For the outside of all pipe to 
be placed aboveground and exposed to 
more corrosive than normal conditions, 
such as in coastal or industrial areas, 
one coat of coal-tar primer (if blasted 
before erection), one coat of heavy- 
bodied coal-tar coating (cold applied), 
one coat of heavy-bodied coal-tar emul- 
sion, and one coat of aluminum paint. 
The coat of coal-tar primer is to be 
eliminated if the surfaces are blasted 
after erection. 


Sec. 1.3—Supplementary Details 
Which Shall Be Supplied by the 
Purchaser 


1.3.1. Where a steel pipeline is to 
be laid under conditions ordinarily 
found in water transmission and distri- 
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bution systems, reference to the specifi- 
cations shall be as follows: 

(1) For pipe less than 30 in. in 
diameter: 


The interior surface of all steel pipe shall 
be cleaned, primed, and lined with coal-tar 
enamel, and the exterior shall be cleaned, 
primed, and coated with coal-tar enamel with 
a bonded asbestos felt wrapper. All such 
materials and application shall be in accord- 
ance with American Water Works Associ- 
ation Specifications C203, together with Sec. 
Al2 and A3.1 of the Appendix of those 
specifications. 


(2) For pipe 30 in. in diameter and 
over: 

The interior surface of all steel pipe shall 
be cleaned, primed, and lined with coal-tar 
enamel, and the exterior shall be cleaned, 
primed, and coated with coal-tar enamel. 
All such materials and application shall be 
in accordance with American Water Works 
Association Specifications C203. 


1.3.2. If additional exterior protec- 
tion is desired, in the opinion of the 
engineer, because of extreme soil con- 
ditions or on submarine lines, river 
crossings, etc., the engineer shall desig- 
nate in his specifications one of the al- 
ternate types of exterior protection, 
provided in the Appendix. The fol- 
lowing example illustrates how such 
specifications should be written: 


The interior surface of all steel pipe shall 
be cleaned, primed, and lined with coal-tar 
enamel, and the exterior shall be cleaned, 
primed, and coated with coal-tar enamel and 
wrapped with bonded double asbestos felt 
wrappers. All such materials and applica- 
tion shall be in accordance with American 
Water Works Association Specifications 
C203, together with Section (A1.3*) of the 
Appendix of those specifications. 


1.3.3. In purchasing protection for 
steel water pipe, the purchaser shall 
make supplementary specific statements 


in specifications 
following : 


regarding the 


* Purchaser shall specify the type of exte- 
rior protection set forth in the Appendix. 
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(1) Project. Diameter, length, and 
location of pipeline, including maps and 
drawings necessary to show all details 
of line within the scope of the contract. 

(2) Temperatures. Range of at- 
mospheric temperatures to which the 
pipe may be subjected during, or sub- 
sequent to, installation. 

(3) Exterior protection—under- 
ground. Length of line to be protected 
for underground service. 

(4) Exterior protection—above- 
ground. Length of line to be erected 
aboveground for normal atmospheric 
service ; and length of line to be erected 
aboveground where more corrosive 
conditions exist. 

(5) Contractor's samples. Requests 
for contractor’s samples in accordance 
with Sec. 2.3 of these specifications. 

(6) Materials. When “corrosion 
protection” outlined here is to be done 
by force account or by separate con- 
tract, specify: 

a. Quantity of coal-tar primer. 

b. Quantity and type or types of 
coal-tar enamel. 

c. Quantity of asbestos felt. 

d. Quantity of fibrous glass mat. 

e. Quantity of paint or exposed steel 
surfaces : 

(i) Synthetic red lead primer. 

(ii) Synthetic white enamel. 

(iii) Aluminum bronzing liquid. 

(iv) Aluminum pigment. 

(v) Cold-applied coal-tar coating. 

(vi) Cold-applied coal-tar emulsion. 


Sec. 1.4—Definitions 


Under these specifications the fol- 
lowing definitions will apply: 

1.4.1. Purchaser. The word “pur- 
chaser” shall mean the person, firm, 
corporation, or governmental subdivi- 
sion entering into a contract or agree- 
ment for the purchase of any materials 
and/or any work to be performed 
under these specifications. 
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1.4.2. Contractor. The word “con- 
tractor” shall mean the person, firm, or 
corporation executing the contract or 
agreement with the purchaser to fur- 
nish any material and/or to perform 
any work under these specifications. 

1.4.3. Inspector. The word “inspec- 
tor” shall mean the inspector or engi- 
neer employed by the purchaser and 
acting as his representative; their re- 
spective assistants properly authorized 
and limited to the particular duties as- 
signed to them; or the purchaser, him- 
self, acting as his own engineer. 

1.4.4. Blasting. The word “blast- 
ing” shall mean blasting with standard 
sand-blasting sand or steel grit to clean 
and thoroughly remove all rust and mill 
scale from the steel. 

1.4.5. Centrifugal casting. The 
words “centrifugal casting” shall mean 
the process of applying coal-tar enamel 
to the inside surface of pipe whereby 
molten coal-tar enamel introduced into 
the pipe is spread on the surface of the 
pipe and held thereon by the centrifugal 
force developed by rotating the pipe 
about its longitudinal axis until the 
coal-tar enamel has cooled and solidi- 
fied and become bonded to the pipe. 


Sec. 1.5—Inspection and Testing 


1.5.1. The entire procedure of ap- 
plying the protective coating material 
as herein specified will be rigidly in- 
spected from the time the bare pipe is 
received until the coated pipe is laid 
in the ground and backfilled and/or in- 
stallation of surface pipe is completed. 
Such inspection shall not relieve the 
contractor of his responsibility to fur- 
nish material and perform work in ac- 
cordance with these specifications. 

1.5.2. All coating work to be accept- 
able must be applied in the presence of 
the inspector, and all such work done 
in his absence will be subject to rejec- 
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tion unless the continuance of the work 
during his absence is specifically al- 
lowed by the inspector. If at any time 
it is found that the procedure of apply- 
ing the protective coating material is 
not in accordance with these specifica- 
tions, all such coating work may be 
rejected. 

1.5.3. Prior to approval of contrac- 
tor’s material, samples of materiai sub- 
mitted by the contractor will be tested 
by the purchaser and if any sample is 
found not to conform to these specifi- 
cations, material represented by such 
sample will be rejected. If samples of 
contractor’s approved materials are 
found not to conform to the specifica- 
tions, all such material will be rejected. 

1.5.4. Samples submitted to the pur- 
chaser will be tested in the purchaser’s 
laboratory or in a responsible commer- 
cial laboratory designated by the 
purchaser. 

1.5.5. The expense of testing of all 
samples of material originally offered 
by the contractor will be borne by the 
purchaser; the expense of all subse- 
quent tests due to failure of samples of 
materials originally offered to comply 
with these specifications will be charged 
to the contractor. 


Sec. 1.6—Access for Inspector 


The inspector shall have free access 
to those parts of all plants that are 
concerned with the furnishing of mate- 
rials or the performance of work under 
these specifications. 


Sec. 1.7—Facilities for Inspector 


The contractor shall furnish the in- 
spector reasonable facilities and space 
without charge for the inspection, test- 
ing, and obtaining of such information 
as he desires respecting the character 
of material used and the progress and 
manner of the work. 
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Sec. 1.8—Material and Workman- 
ship 


All material furnished by the con- 
tractor shall be of the specified quality. 
All work shall be done in a thorough 
workmanlike manner. The entire op- 
eration of priming the pipe and heat- 
ing and applying the coal-tar enamel 
coatings shall be performed under the 
supervision of and by experienced men 
skilled in the application of coal-tar 
enamel. 


Sec. 1.9—Equipment 


The contractor’s equipment for all 
blasting, priming, enameling, and paint- 
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ing shall be designed and manufactured 
and shall be in such condition as to 
permit applicators to follow the proce- 
dure and obtain results prescribed in 
these specifications. 


Sec. 1.10—Packaging 


All coal-tar enamel and coal-tar 
primer and wraps purchased or used 
under these specifications shall be 
packaged in suitable and approved con- 
tainers. The containers shall be plainly 
marked with the name of the manufac- 
turer, type of material, and batch or lot 
number. 


Section 2—Material Specifications 


Sec. 2.1—Coal-Tar Primer 


All coal-tar primer to be used under 
these specifications shall comply with 
the following: 

2.1.1. The primer shall consist of 
processed coal-tar pitch and refined 
coal-tar oils only, suitably blended to 
produce a liquid coating which may be 
applied cold by brushing or spraying 
and which will produce an effective 
bond between the metal and subsequent 
coating of coal-tar enamel. Primer 
shall contain no benzol or other toxic 
or highly volatile solvents and no added 
pigments or inert fillers, or other sub- 
stances, and shall show no tendency to 
settle out in the container. 

2.1.2. The primer shall have good 
spraying and brushing properties and 
a minimum tendency to produce bub- 
bles during application. The primer 
shall dry hard to the touch when ap- 
plied as recommended. 


Sec. 2.2—Coal-Tar Enamel 


The type of enamel used shall be 
AWWA coal-tar enamel. This enamel 


shall be composed of a specially proc- 
essed coal-tar pitch combined with an 
inert mineral filler. No asphalt of 
either petroleum or natural base shall 
be acceptable as part of the ingredients. 
The enamel shall have the characteris- 
tics shown in Table 1. 


Sec. 2.3—Contractor’s Samples and 
Detailed Information 


2.3.1. When specified by the pur- 
chaser, the contractor shall submit to 
the purchaser for testing, prior to any 
work under these specifications, a 50-Ib 
sample of the coal-tar enamel and a 
l-qt sample of the coal-tar primer he 
proposes to furnish. Samples shall be 
taken from a production run of the 
manufacturer’s plant. Samples shall be 
identified by batch or lot numbers. 
Contractor shall submit with the sam- 
ples a certified copy of results of tests 
made by the manufacturer covering the 
physical and performance characteris- 
tics of the samples. This certificate 
shall indicate the coverage rate of the 
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Softening point—ASTM D36-26 
Filler (ash)—ASTM D271-48 
Fineness filler, through 200 mesh 
Specific gravity at 25°C—ASTM D71-52 
* Penetration—ASTM D5-52 
At 77° F—100-g weight—S sec 
At 115°F—50-g weight—S5 sec 
High-temperature test—at 160°F (sag) 
Low-temperature test—at —20°F (cracking) 
2.4.4(2) 
t Deflection test (initial heating) 
Initial crack 
Disbonded area 
t Deflection test (after heating) 
Initial crack 
Disbonded area 
Impact test—at 77°F 
2.4.4(6) 
Direct impact—disbonded area 
Indirect impact—disbonded area 
Peel test—AWWA C203, Sec. 2.4.4(5) 


of 15 to 20 at 77°F 


impact sha]l depend upon laboratory equipment available. 


primer in grams per square foot, the 
application temperature of the enamel, 
and the method of application of the 
enamel to the test plates. 

2.3.2. Samples submitted to the pur- 
chaser will be tested in the purchaser’s 
laboratory or in a responsible commer- 
cial laboratory designated by the 
purchaser. 

2.3.3. The expense of testing of all 
samples of material supplied by the con- 
tractor will be borne by the purchaser. 

2.3.4. After the contractor has ob- 
tained approval from the purchaser for 
the coal-tar enamel and coal-tar primer 
he proposes to furnish, the contractor 
shall submit the coating manufacturer’s 
detailed specifications for the coal-tar 
enamel and coal-tar primer supplied for 
the project, with instructions for the 


STEEL PIPE COATINGS 


TABLE 1 
Characteristics of AWWA Coal-Tar Enamel 


AWWA €203, Sec. 2.4.4(3) 
AWWA C203, 


650-g ball, 8-ft drop— 


| Minimum | Maximum 
| 220°F — 
| 25% 35% 
ASTM D546-41 90% — 
| 1.40 1.60 
10 20 
| 15 55 
AWWA C203, Sec. 2.4.4(1) | - v2 in 
-AWWA C203, Sec. 
none 
0.8 in 4 
3.0 sq in. 
Sec. 2.4.4(4) 
0.6 in. | — 
— 5.0 sq in. 
AWWA C203, Sec. | | 
— 10.0 sq in. 
— | 2.0 sq in. 
no peeling 


* For anticipated minimum temperature exposures between 20° and —20°F, use enamels with penetration 


t Choice of bond testing methods A or B by deflection (before heating), by deflection (after heating), or by 
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handling and application of the mate- 
rial; this information shall include: 

(1) Method of application of primer 
and coverage in square feet per gallon. 

(2) Minimum and maximum drying 
time of the primer before application of 
enamel. 

(3) Application 
enamel. 

(4) Maximum allowable tempera- 
ture to which enamel may be heated. 

(5) Maximum time enamel may be 
held in heating kettles at application 
temperature. 

2.3.5. Contractor will be required to 
furnish the purchaser with a certified 
copy of results of tests made by the 
manufacturer covering physical and 
performance characteristics of each 
batch of enamel and primer to be sup- 


temperature of 


Tes 
He 
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plied under these specifications. When 
requested by the purchaser, the con- 
tractor shall furnish or allow the pur- 
chaser to collect samples of the material 
representative of each batch of enamel 
and/or primer. Certified test reports 
and samples furnished by the contrac- 
tor shall be properly identified to each 
batch of enamel and/or primer. 


Sec. 2.4—Test Procedure for Primer 
and Enamels 


Tests to determine physical charac- 
teristics of enamel and primer furnished 
by the contractor or collected by the 
purchaser shall be in accordance with 
the American Society for Testing Ma- 
terials Standard Designations as indi- 
cated in Sec. 2.2 (Table 1) of these 
specifications. The preparation of test 
specimens and the testing for perform- 
ance characteristics by methods other 
than ASTM procedures shall be in ac- 


cordance with the following procedure : 

2.4.1. Preparation of test plates. All 
performance tests shall be made on 
steel plates free of all oil and grease. 
One side of each plate shall be blasted 
to a uniform steel gray surface, com- 
pletely removing rust, mill scale, and 


all other foreign matter. For blasting, 
a sharp, dry sand having a minimum 
of 50 per cent retained on a 60-mesh 
screen or a No. 50 steel grit shall be 
used with an air pressure of not less 
than 75 psi. 

2.4.2. Priming test plates. All test 
plates shall be freshly prepared as 
specified in Section 2.4.1 and shall be 
primed using 5.0-9.0 g per square 
foot.* The primer shall be applied 
with a new, clean, flat bristle brush of 


* The testing laboratory shall follow spe- 
cific recommendations of the manufacturer 
for coverage rate of primer to be applied to 
test plates. 
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l-in. width. Plates shall be primed and 
dried while lying horizontally in a well 
ventilated room under the following 
conditions : 

(1) Temperature— minimum 70°F, 
maximum 90°F, 
(2) Relative 

60 per cent. 

(3) Enamel shall be applied after 
16 hr, but not later than 72 hr after 
the primer has been applied. 

2.4.3. Preparation of enamel for 
testing. Thirty pounds of enamel 
broken into pieces approximately 4 in. 
in maximum dimension shall be rapidly 
melted over a large gas burner in a 
metal container of uniform cross sec- 
tion not less than 8 in. nor more than 
12 in. in diameter. Immediately upon 
reaching the specified application tem- 
perature, the enamel shall be applied 
to the primed test plates required for 
high-temperature and low-temperature 
performance, Method A or Method B; 
deflection test (initial heating), Method 
A; peel test; and impact test, Method 
B. The remaining enamel in the con- 
tainer, which shall be not less than 20 
Ib, shall be maintained at the recom- 
mended application temperature for a 
2-hr period. The enamel shall be 
stirred with a metal bar at intervals of 
15 min during the heating period. A 
}-in. steel plate shall be interposed be- 
tween the container and gas flame to 
avoid superheating. After the 2-hr 
heating period, this enamel shall be ap- 
plied to the test plates required for 
“Deflection test (after 2-hr heating),” 
Method A. The application tempera- 
tures and method of application shall 
be as recommended by the coating 
manufacturer. The enamel shall be 
applied to a thickness of 4%, to »'5 in. 
for all test plates. 

2.4.4. Testing procedure. Depend- 
ing on the laboratory equipment avail- 


humidity—maximum 
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able, either Method A or Method B 
shall be used tor the following tests : 

(1) High-tempcrature test: 

a. Method A. Two 12 X 4 x ¥-in. 
plates prepared as above, on which shall 
be scribed three lines at 3-in. intervals 
across the enamel surface, shall be 
tested as directed under “Procedure.” 

b. Method B. Two 12 x 12 x 4-in. 
plates prepared as above with a 4-in. 
uncoated border left around the four 
edges of the plates, on which shall be 
scribed lines 1 in. apart across the face 
of the enamel and continued on the un- 
coated surface of the plate to the edges, 
shall be tested as directed under 
“Procedure.” 

c. Procedure. The plates as pre- 
pared for Method A or Method B shall 
be stored in a vertical position in a 
chamber the temperature of which shall 
be controlled for 24 hr at 160°F. At 
the end of this period the plates shall 
be removed and cooled to room tem- 
perature, and the average sag of the 
lines on the two plates shall be recorded 
as sag of the enamel. 

(2) Low-temperature test. After 
the two plates, prepared as in Method 
A or Method B, have been used in the 
above test, they shall be placed in a 
chamber the temperature of which shall 
be controlled for a 6-hr period at 
—20°F. At the end of this period the 
plates shall be removed and allowed to 
reach room temperature, then exam- 
ined for evidence of cracking and/or 
disbonding of the enamel. 

(3) Deflection test (initial heating). 
Four plates, 10 x 4 x 74 in., prepared 
as above for testing under Method A, 
shall be stored in a chamber the tem- 
perature of which shall be controlled 
at 40°F. After a 6-hr period the plates 
shall be tested for deflection on equip- 
ment in this chamber by supporting the 
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plates on 4-in. radius knife edges which 
are spaced on 94-in. centers. The de- 
flecting load shall be centrally applied 
across the plate by a 4$-in. radius man- 
drel at the rate of 1 in. per minute (to 
produce tension in the enamel) until 
cracking occurs, as indicated by an 
electrical holiday detector. The deflec- 
tion producing the initial cracking shall 
be recorded, and the deflection shall 
then be continued to a maximum dis- 
tance of 14 in. The specimen shall 
then be removed from the machine for 
examination. All disbonded enamel 
shall be removed from the plate, and 
the area of metal exposed on the four 
plates shall be measured. The average 
results of initial cracking and disbonded 
area shall be recorded. 

(4) Deflection test (after 2-hr heat- 
ing). Four plates, 10 x 4 x + in., 
prepared as above for testing under 
Method A shall be used in this test. 
The procedure shall be the same as de- 
scribed in Sec. 2.4.4(3) above, and the 
average results of initial cracking and 
disbonded area shall be recorded. 

(5) Peel test. Two plates, 12 x 12 
x 4 in., shall be prepared as above for 
testing enamel. After the application 
of enamel the plates shall be allowed 
to cool to room temperature. (Toler- 
ance of + 2°F will be allowed on all 
temperature requirements listed below. ) 

a. Bond, initial. One test plate shall 
be tested directly. The condition of 
bond shall be tested over a tempera- 
ture range of 80°-160°F at successive 
intervals of 20°F—that is, 80°, 100°, 
120°, 140°, 160°F. The test shall be 
made at the temperatures indicated by 
immersing the plates for a period of 
approximately 4 hr in a water bath 
maintained at the selected temperature. 
At the end of each of these periods the 
plate shall be removed from the bath 


/ 
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and immediately tested for peel. This 
shall be done as follows: With a knife 
edge, cut two parallel lines through the 
enamel approximately } in. apart and 
approximately 4 in. in length. With 
the edge of the knife blade, cut under 
the enamel strip at one end and loosen 
the enamel from the plate the full width 
of the strip for about 4 in. Place the 
knife blade under the loosened end, and 
with a firm grip apply a slow, steady 
pull upward on the enamel strip. Ad- 
hesion of the enamel at each of the indi- 
cated test temperatures, to the extent 
of preventing peeling, stripping, or lift- 
ing of not more than 4 in., shall be re- 
corded as no peeling. The use of the 
water bath for the 80°F test may be 
omitted when the room temperature 
closely approximates 80°F. 

b. Bond, after 72 hr at 160°F. The 
second test plate shall be stored in a 
horizontal position, with the enameled 
side up, in a chamber the temperature 
of which shall be controlled for 72 hr 
at 160°F. At the end of this period 
the plate shall be removed and cooled 
to room temperature and tested for 
condition of bond over a temperature 
range of 80°-160°F as above. 

(6) Impact test. The 12x12 
X gz-in. plates, prepared as above and 
used under test procedures in Sec. 
2.4.4(1) and 2.4.4(2) under Method 
B, shall be allowed to reach room tem- 
perature and then shall be immersed in 
a water bath held at a uniform tempera- 
ture of 77°F for a period of at least 1 
hr before testing. Each plate shall be 
removed from the water bath, dried 
with a soft clean cloth, and immediately 
subjected to the impact test. 

a. Direct impact. Each plate shall 
be supported on the true plane surface 
of a block of wood. A 650-g steel ball 
with a well polished spherical surface 
shall be dropped from a height 8 ft 
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above the surface of the plate when 
testing enamel. The ball shall be 
dropped so as to strike the enamel at 
a point at least 4 in. from any edge of 
the plate. After one such impact, the 
enamel shall be examined for evidence 
of shattering and loosening from the 
plate. 

b. Indirect impact. After being sub- 
jected to direct impact, plates shall be 
placed with the coated face down on a 
wooden block through which a 34-in. 
diameter hole has been cut. The same 
ball shall then be dropped from a 
height of 8 ft above the surface of the 
plate, so as to strike the steel plate at 
a point over the center of the hole in 
the wooden support block. The point 
of impact shall be at least 4 in. from 
any edge of the plate and shall be at 
least 3 in. from the point of direct im- 
pact. After one such impact, the 
enamel shall be examined for evidence 
of shattering and loosening of the coat- 
ing. Coating that has been knocked off 
the plate by the impact of the steel ball 
shall be considered as shattered coating. 
Loose coating is coating that has not 
been shattered but can be easily and 
readily removed from the plate by the 
fingers or, with very little force, by the 
use of a knife blade or similar instru- 
ment. After removal, the area of 
loosened coating shall be determined. 


Sec. 2.5—Whitewash Formula 


All whitewash to be used shall be 
mixed as follows: 
2.5.1. Ingredients: 


50 gal water. 

1 gal boiled linseed oil. 
150 Ib processed quicklime. 
10 Ib salt. 


2.5.2. Mixture. Lime and oil shall 
be slowly added simultaneously to the 
water and mixed thoroughly. The 
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mixture shall be allowed to stand for 
not less than 3 days before it is used. 


Sec. 2.6—Synthetic Red Lead Primer 
The paint to be used for the first and 


second exterior coats on steel struc- 
tures erected aboveground shall comply 
with the following : 

2.6.1. The red lead primer shall be 
a ready mixed paint composed of red 
lead pigment and synthetic-resin ve- 
hicle well ground together to produce 
a liquid coating which may be applied 
by brushing or spraying and which will 
dry rapidly and provide a suitable bond 
between the metal and subsequent coat- 
ing of paint. The primer shall contain 
no benzol or other toxic solvent and 
shall show no tendency to jell or liver 
in the container. 

2.6.2. The primer shall possess the 
following physical characteristics : 

(1) Viscosity at 77°F—30-50 sec 
Gardner Mobilometer (Solid Plunger) 
150-g total weight, 10-cm drop. 

(2) Weight per gallon—20-22 Ib 
(ASTM D287-53T). 

(3) Dry red lead (97 per cent 
Pb,O,)—minimum 70 per cent by 
weight. 

(4) Varnish vehicle (synthetic-resin 
type)—maximum 30 per cent by 
weight. 

2.6.3. The vehicle shall be a syn- 
thetic-resin varnish consisting of either 
an alkyd or phenol-formaldehyde resin 
with the necessary vegetable oils and 
volatile thinners to produce elasticity, 
waterproofness, adherence, and dura- 
bility in the finished paint film. 

2.6.4. The red lead primer shall have 
satisfactory working properties, defined 
as follows: 

The red lead primer shall be readily 
broken up with a paddle to a smooth, 
uniform paint suitable for brushing or 
spraying with the addition of not more 
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than 10 per cent, by volume, of a suit- 
able nontoxic thinner. The red lead 
primer applied by either method shall 
have good self-leveling properties, both 
of the vehicle and of the pigment, and, 
when brushed or sprayed on a vertical 
surface at a coverage rate of 500 sq ft 
per gallon, shall dry hard and elastic 
without running, streaking, or sagging. 
The drying properties shall be such that 
the primer film will dry dust free and 
free to touch in 1 hr, and dry to a 
smooth, hard film in 6 hr. The primer 
film produced shall have a flat or semi- 
gloss finish after 24-hr drying. 

2.6.5. Red lead primer shall be pack- 
aged in iron pails of 5-gal maximum 
capacity. 


Sec. 2.7—Synthetic White Enamel 


When pipe to be erected above- 
ground is installed during hot weather, 
the second coat of primer shall be syn- 
thetic white enamel in place of syn- 
thetic red lead primer. Synthetic white 
enamel shall comply with the following : 

2.7.1. The synthetic white enamel 
shall be a ready mixed paint composed 
of titanium oxide pigment and alkyd 
resin vehicle well ground together to 
produce a liquid coating which may be 
applied readily by brushing or spray- 
ing, which dries rapidly, and which 
provides a suitable bond with the syn- 
thetic red lead primer over which it is 
applied. The white enamel shall con- 
tain no benzol or other toxic solvent 
and shall have a minimum tendency to 
settle out the pigment in the container. 
The composition of the paint shall be 
as follows: 

Pigment (100 per cent titanium ox- 
ide)—25 per cent. 

Varnish vehicle (alkyd resin type )— 
75 per cent. 

2.7.2. The vehicle shall be of the 
alkyd resin type and shall contain 40 
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per cent nonvolatile solids. The vola- 
tile constituents shall be 70 per cent 
coal-tar hydrocarbon solvents and 30 
per cent high-flash naphtha. 

2.7.3. The synthetic white enamel 
shall have satisfactory working proper- 
ties, defined as follows: 

The white enamel shall be readily 
broken up with a paddle to a smooth, 
uniform paint suitable for brushing or 
spraying with the addition of not more 
than 10 per cent, by volume, of a suit- 
able nontoxic thinner. The white 
enamel as applied by either method 
shall have good self-leveling properties 
and, when brushed or sprayed on a 
vertical surface at a coverage rate of 
500 sq ft per gallon, shall dry hard and 
elastic without running, streaking, or 
sagging. The drying properties shall 
be such that the paint film will dry dust 
free and free to touch in 1 hr, and dry 
to a smooth, hard film in 24 hr. The 


film when dried shall show a strong 


tendency to chalk on the surface when 
exposed to the weather. 


Sec. 2.8—Aluminum Bronzing Liquid 


2.8.1. The vehicle for aluminum 
paint shall be composed of treated oils, 
resins, metal driers, and volatile thin- 
ners. Treated oils shall be manufac- 
tured from the highest grade of spar 
varnish and linseed and chinawood oils. 
Resins employed shall be the so-called 
synthetic type, representing three dis- 
tinct types, which shall perform the 
double duty of setting and drying the 
oil film through in the shortest possible 
time and increasing the resistance of 
the film to acids and alkalis and weath- 
ering. Solvents shall be a mixture of 
turpentine, coal-tar, and petroleum 
thinners designed to evaporate just rap- 
idly enough to promote the proper 
speed of drying without impairing the 
working qualities of the vehicle and 
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shall be of proper blend required to 
produce the maximum floating of the 
aluminum bronze. 

2.8.2. The vehicle shall conform to 
the following tests: 

(1) Appearance. 
parent. 

(2) Color. Not darker than Tube 
No. 14 of Gardner Color Standards for 
Varnishes and Lacquers. 

(3) Flash point. Not below 86°F. 

(4) Nonvolatile matter. Not less 
than 50 per cent by weight. 

(5) Viscosity at 77°F—O0.5-1.0 
poises (Tubes A to D, Gardner-Holt 
Standards). 

Test procedure is 
ASTM D154-53. 

2.8.3. The vehicle shall have the fol- 
lowing physical properties : 

(1) Set to touch in not more than 
3 hr at 70°F, 65 per cent relative 
humidity. 

(2) Dry hard in not more than 24 
hr at 70°F. 

(3) When mixed with aluminum 
bronzing pigment in the ratio of 2 Ib 
of pigment to 1 gal of vehicle, the re- 
sulting paint shall have good flowing, 
covering, and leveling properties, with 
the ability to float aluminum bronze 
flakes to the surface uniformly without 
allowing the bronze to break or sepa- 
rate before setting. The paint shall be 
readily applicable by air spray gun 
methods and, when applied to a vertical 
steel surface at the coverage rate of 
300-400 sq ft per gallon, the paint film 
so applied shall dry without running, 
streaking, sagging, or wrinkling. The 
paint when dry shall have high light 
reflective properties. 


Sec. 2.9—Aluminum Bronzing Pig- 
ment 


Clear and trans- 


indicated in 


The aluminum bronzing pigment 
shall conform to one of the following 


J 
I 
t 


Jul. 1957 


Federal Specifications for the respec- 
tive grades designated : 

2.9.1. Standard Varnish Grade Pow- 
der—Federal Specifications TT-A-476, 
Type A. 

2.9.2. Standard Paste—Federal 
Specifications TT-A-466. 


Sec. 2.10—Cold-applied Coal-Tar 

Coating 

The cold-applied coal-tar coating to 
be used for the first exterior coat on 
steel structures erected aboveground 
and exposed to more severe corrosive 
conditions shall comply with the 
following : 

The cold-applied coal-tar coating 
shall be composed of a specially proc- 
essed coal-tar pitch blended with se- 
lected solvents to a heavy consistency. 
No asphalt of either petroleum or natu- 
ral base shall be acceptable as part of 


Sec. 3.1—General 


The contractor shall furnish all labor, 
equipment, and material required, shall 
prepare all surfaces to be coated, and 
shall apply the coal-tar primer and 
coal-tar enamel to all interior and exte- 
rior surfaces to be coated. 


Sec. 3.2—Preparation of Surfaces 


3.2.1. Before blasting, all oil and 
grease on the surfaces of the metal shall 
be removed thoroughly by flushing and 
wiping, using “Xylol,” or other suitable 
coal-tar base solvents, and clean rags. 
The use of dirty or oily rags or solvent 
will not be permitted. All other for- 
eign matter not removable by blasting 
shall be removed by suitable means. 
All metal surfaces shall be thoroughly 
cleaned by blasting. Blasted surfaces 
that rust before a priming coat has been 


Section 3—Shop Application of Coal-Tar Primers 
and Enamels 
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the ingredients. This coating shall 
conform to AWWA Specifications 
D102, Sec. 5.4.5. 


Sec. 2.11—Cold-applied Coal-Tar 
Emulsion 


The cold-applied coal-tar emulsion 
to be used for the second exterior coat 
on steel structures erected aboveground 
and exposed to more severe corrosive 
conditions shall comply with the 
following : 

This thick, heavy-duty, cold-applied 
coal-tar emulsion shall be composed of 
a base derived from coal tar and inert 
mineral filler dispersed in water to pro- 
duce a stable colloidal suspension. No 
asphalt of either petroleum or natural 
base shall be acceptable as part of the 
ingredients. The emulsion shall con- 


form to Federal Specifications MIL-C- 
15203-A. 


applied shall be cleaned of all rust by 
buffing or wire-brushing or, at the dis- 
cretion of the engineer, shall be re- 
blasted. Adequate air separators shall 
be used to remove effectively all oil and 
free moisture from the air-supply to 
the blaster. 

3.2.2. After cleaning, the pipe shall 
be protected from and maintained free 
of all oil, grease, and dirt that might 
fall upon the pipe from whatever 
source until it has received its final 
enamel coat. Any pipe showing pits 
after beginning of blasting shall be set 
aside immediately, pending examina- 
tion by the engineer for approval, re- 
conditioning, or rejection. 


Sec. 3.3—Coal-Tar Priming 


The coal-tar primer shall be as speci- 
fied in the paragraphs under Sec. 2.1 of 
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these specifications, and the application 
shall be as follows: 

3.3.1. All blasted steel surfaces shall 
be cleaned of dust and grit and shall be 
primed immediately following blasting 
and cleaning. The surfaces shall be 
dry at the time the coal-tar primer is 
applied, and no primer shall be applied 
during rain or fog unless protected 
from the weather by suitable housing. 

3.3.2. At the option of the contrac- 
tor, the application of the primer shall 
be by hand brushing, air gun spraying, 
or spraying-and-brushing, and shall be 
in accordance with instructions for ap- 
plication as supplied by the manufac- 
turer of the primer. The apparatus to 
be used for application of the primer 
shall be approved by the engineer. 
Spray gun apparatus to be used shall 
include a mechanically agitated pres- 
sure pot and an air separator that will 
remove all oil and free moisture from 
the air supply. 

3.3.3. The use of coal-tar primer that 
becomes fouled with foreign substances 
or has thickened through evaporation 
of the solvent oils will not be permitted. 

3.3.4. After application, the coal-tar 
priming coat shall be uniform and free 
from floods, runs, sags, drips, holidays, 
or bare spots. Any bare spots or holi- 
days shall be recoated with an addi- 
tional application of primer. All runs, 
sags, floods, or drips shall be removed 
by scraping and cleaning and the 
cleaned area retouched, or, at the dis- 
cretion of the engineer, all such defects 
shall be remedied by reblasting and re- 
priming. Suitable measures shall be 
taken to protect wet primer from con- 
tact with rain, fog, mist, spray, dust, 
or other foreign matter until completely 
hardened and enamel applied. 

3.3.5. In cold weather when the 
temperature of the steel is below 45°F, 
or at any time when moisture collects 
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on the steel, the steel shall be warmed 
to a temperature of approximately 85°- 
100°F for sufficient time to dry the pipe 
prior to priming. To facilitate spray- 
ing and spreading, the primer may be 
heated and maintained during the ap- 
plication at a temperature of not more 
than 120°F. 

3.3.6. The minimum and maximum 
allowable drying time of the coal-tar 
primer between application of primer 
and application of coal-tar enamel shall 
be in accordance with instructions is- 
sued by the manufacturer of the primer 
unless otherwise directed by the engi- 
neer. If the enamel is not applied 
within the maximum time after prim- 
ing, as required by the manufacturer 
or as directed by the engineer, the pipe 
shall be reprimed with an additional 
light coat of primer, or, at the discre- 
tion of the engineer, the entire prime 
coat shall be removed by reblasting and 
the pipe reprimed. 


Sec. 3.4—Preheating of Primed Pipe 


3.4.1. At all times during cold 
weather when pipe temperature is be- 
low 45°F, or during rainy or foggy 
weather when moisture tends to collect 
on cold pipe, enameling shall be pre- 
ceded by warming the pipe. 

3.4.2. Warming shall be done by any 
method which will heat pipe uniformly 
to recommended temperature without 
injury to primer. Steel temperature of 
pipe shall not exceed 160°F. 

3.4.3. After heating and while pipe 
is at its highest temperature, inside 
lining enamel shall be applied. Coating 
of the outside of the pipe with coal-tar 
enamel shall proceed immediately after 
the spinning operation is completed, 
while the pipe is still warm from pre- 
heating and centrifugal casting. 

3.4.4. The same procedure shall ap- 
ply for pipe primed on the outside with 
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synthetic red lead primer, except that 
the second coat of paint need not be 
applied while the pipe is warm. 


Sec. 3.5—Coal-Tar Enamel Applica- 
tion 


The type of coal-tar enamel to be 
used for the interior lining and the 
exterior coating shall be in accordance 
with Sec. 2.2 of these specifications. 
The application shall be as follows: 

3.5.1. The enamel shall be heated in 
approved heating kettles equipped with 
accurate and easily read thermometers. 
In addition, the purchaser reserves the 
right to provide recording thermome- 
ters; such thermometers shall be in- 
stalled on the heating kettles as directed 
by the engineer and at the expense of 
the contractor. Such thermometers 
will be checked and adjusted by the 
engineer whenever necessary. The 
charts therefrom shall constitute a basis 
for acceptance or rejection of any 
enamel because of improper heating 
and/or handling. 

3.5.2. The operating and/or supply 
kettles shall be provided in sufficient 
numbers so that the enamel may be 
heated and coordinated with the appli- 
cation procedure. No enamel shall be 
held in the operation kettles at applica- 
tion temperatures for a longer period 
than recommended by the manufacturer 
or stated in his instructions. The 
enamel heated in supply kettles shall 
not exceed the temperatures and melt- 
ing periods recommended by the coat- 
ing manufacturer. Operating kettles 
shall not be used as a continuous source 
of supply by adding unmelted enamel 
during the time they are in use but 
shall be completely emptied of one 
charge and cleaned, if necessary, be- 
fore the next charge of unmelted 
enamel is added ; except when mechani- 
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cally agitated kettles are used. In the 
practice of field patching, the engineer 
may permit continuous use of a heating 
kettle not exceeding 50-gal capacity. 
Kettles shall be covered with hinged 
lids which may be securely fastened 
down and shall be tightly closed during 
the heating and application of enamel 
except for neceessary loading and 
stirring. 

3.5.3. The enamel shall be main- 
tained moisture and dirt free at all 
times prior to, and at the time of, heat- 
ing and application. 

3.5.4. In loading the kettles, the 
enamel shall be broken into pieces suit- 
able for the heating equipment used. 

3.5.5. In heating the enamel, the 
charge shall be melted and brought up 
to application temperature as rapidly 
as possible without injury to the 
enamel. The temperature at which the 
enamel will be applied shall be in ac- 
cordance with the recommendation fur- 
nished by the manufacturer. The hot 
enamel shall be thoroughly stirred at 
intervals not exceeding 15 min regard- 
less of whether the enamel is being used 
from kettles or is being held ready for 
use. Iron paddles shall be used for 
stirring; wooden paddles will not be 
permitted. 

3.5.6. The maximum allowable tem- 
perature to which enamel may be 
heated and the maximum allowable 
time that the enamel may be held in 
the kettles at application temperature 
shall be in accordance with the instruc- 
tions supplied by the manufacturer. 

3.5.7. Enamel that has been heated 
in excess of the maximum allowable 
temperature, or that has been held at 
application temperature for a period in 
excess of that specified, shall be con- 
demned and rejected. Fluxing the 
enamel will not be permitted. 
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3.5.8. Excess enamel remaining in a 
kettle at the end of any heat shall not 
be included in a fresh batch in an 
amount greater than 10 per cent of the 
batch. Kettles shall be emptied and 
cleaned frequently as required. The 
material removed in cleaning the kettles 
shall be dumped and wasted. 


Sec. 3.6—Application of Coal-Tar 
Enamel to Interior Surfaces 


3.6.1. The primed steel surface to be 
enameled shall be dry and clean at the 
time the enamel is applied. No enamel 
shall be applied during cold weather, 
rain, or fog unless the pipe is preheated 
and/or protected by suitable housing. 

3.6.2. The application of the enamel 
to the inside surface of all pipe other 
than specials shall be by centrifugal 
casting by either the Trough Method 
(Sec. 3.7 of these specifications) or the 
Retracting-Weir or Feed Line Method 


(Sec. 3.8 of these specifications ). 
3.6.3. During application of enamel, 

the pipe shall be revolved at the speed 

best suited to produce a smooth, glossy 


lining of uniform thickness. Finished 
coal-tar enamel lining shall be free 
from wrinkles, sags, blisters, or blow- 
holes. Thickness of lining shall be 3; 
in., and the allowable variations in 
thickness shall not exceed + 35 in. 
All pieces of lined pipe in which ex- 
cessive rough areas appear or other 
irregularities unsatisfactory to the engi- 
neer exist shall be stripped of the en- 
tire lining and relined as herein re- 
quired for original lining. 

3.6.4. All kettles shall be equipped 
with adequate screens to prevent parti- 
cles of foreign matter or other deleteri- 
ous materials from appearing in the fin- 
ished coating. 

3.6.5. Water used for chilling the 
enamel lining following centrifugal 
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casting shall not be applied until the 
enamel has hardened sufficiently to pre- 
vent water marks. 


Sec. 3.7—Centrifugal Casting of 
Coal-Tar Enamel by the Trough 
Method 


3.7.1. Pipe shall be rotated on 
rubber-tired or steel wheels with suit- 
able guards to prevent the pipe from 
leaving the rolls during spinning 
operations. 

3.7.2. Molten enamel shall be intro- 
duced into the pipe by a pouring 
trough extending the full length of the 
pipe in either one or two sections. The 
pouring trough shall be level and shall 
have a straight and even pouring lip. 
The trough may be heated either by 
electrical heating elements or by a gas 
flame to a temperature best adapted to 
the equipment available. 

3.7.3. Transfer of molten enamel 
from kettles to pouring troughs shall 
be conducted in such a manner as to 
prevent excessive loss of heat. Hot 
enamel shall be held in the pouring 
troughs between filling and pouring 
for not more than 1 min. Enamel shall 
not be poured from troughs into the 
pipe until the pipe has reached its 
maximum speed of rotation. 

3.7.4. Enamel shall be poured by 
inverting the trough with a uniform 
rotation and at such speed as to dis- 
tribute the enamel evenly throughout 
the pipe. 

3.7.5. Immediately after the pouring 
operations, the trough shall be righted 
and removed from the pipe and cleaned, 
when necessary, of all excess enamel 
remaining in the trough. Such enamel 
may be reused, if it is clean and free 
of dirt, by adding to fresh batches in 
quantities not exceeding 10 per cent of 
unmelted enamel. 
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Sec. 3.8—Centrifugal Casting of 
Coal-Tar Enamel by the Retract- 
ing-Weir or Feed Line Method 


3.8.1. Pipe shall be rotated on 
rubber-tired wheels with suitable 
guards or holddown wheels to prevent 
the pipe from leaving the rolls during 
spinning operations. 

3.8.2. The hot enamel shall be intro- 
duced into the rotating pipe by means 
of a retractable feed line or over a 
traveling weir whose pouring lip is 
parallel to the longitudinal axis of the 
pipe. In either case, the discharge ele- 
ment of the supply mechanism shall 
travel the entire length of the pipe. 
The speed of travel shall be properly 
coordinated with the speed of rotation 
to insure complete multiple application 
of the molten enamel. 

3.8.3. Molten enamel shall be sup- 
plied to the weir or feed line from a 
reservoir through supply pipes and 
maintained at application temperature 
by means of insulation and by the use 
of suitable methods of heating both 
reservoir and supply line. Supply of 
enamel shall be by means of a power- 
driven circulation pump. 


Sec. 3.9—Application of Coal-Tar 
Enamel to Exterior Surfaces 


3.9.1. The primed steel surface to be 
enameled shall be dry and clean at the 
time the enamel is applied. Any dam- 
age occurring to the primer coat shall 
be repaired by retouching before appli- 
cation of the enamel. 

3.9.2. External enamel shall be ap- 
plied by pouring on the revolving pipe 
and spreading to the specified thick- 
ness. Enamel shall be applied so that 
each spiral resulting from the spread- 
ing operations shall overlap the pre- 
ceding spiral, producing a continuous 
coat free from defects. The thickness 
of coating shall be 3; in., and the allow- 
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able variation in thickness shall not ex- 
ceed + 4; in. 

3.9.3. The enameled pipe shall not 
be rolled or supported on its enameled 
surface until thoroughly cooled and 
hardened. 

3.9.4. For application to specials and 
other shapes, see Sec. 3.11 of these 
specifications. 


Sec. 3.10—Application of Coal-Tar 
Enamel at End of Pipe Sections 


3.10.1. When pipe sections are to be 
joined together by field welding or 
riveting, the protective materials shall 
be left off the inside and outside sur- 
faces at the ends a distance sufficient to 
permit the making of field joints with- 
out injury to the lining and coating. 

3.10.2. When pipe sections are to be 
joined together with mechanical cou- 
plings, the enamel shall be left off the 
exterior of the pipe a distance back 
from the ends of 1 in. more than one- 
half the overall length of the assembled 
coupling. The interior enamel lining 
shall extend to the pipe end. 

3.10.3. For joints other than speci- 
fied herein, the length of pipe to be 
left bare at ends shall be in accord- 
ance with instructions supplied by the 
engineer. 


Sec. 3.11—Specials—Cleaning, Lin- 
ing, and Coating 


The results of cleaning, lining, and 
coating of specials shall be equivalent 
to the results of similar work on 
straight pipe sections. Methods devi- 
ating from the prescribed procedure 
shall require approval by the engineer. 
If the shape precludes spinning, the 
lining and exterior coating shall be ap- 
plied by hand daubers as follows: 

3.11.1. All surfaces shall be double 
coated by applying the enamel with 
hand daubers. The brush strokes of 
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enamel shall be made in the direction 
of flow. All brush strokes shall over- 
lap and form a continuous coating. 
The daubing may be done by the 
double-lap or “shingling” method. 
The work shall be done in a workman- 
like manner, and no _ indiscriminate 
smearing of the enamel will be per- 
mitted. On all welds the strokes of the 
first coat of enamel shall be applied 
along the weld. 

3.11.2. Enameling buckets shall be 
filled from the heating kettles with 
ladles or from spigots attached to the 
kettles and shall not be dipped for fill- 
ing. Buckets shall be kept clean and 
free of dirt at all times and shall not 
be set directly upon the ground or on 
enameled surfaces but shall be set upon 
suitable pads or blocks. Buckets shall 
not be allowed to accumulate excess 
chilled enamel but shall be kept clean. 

3.11.3. Enamel shall not be used 
from the enameling buckets below the 
minimum temperature specified by the 
manufacturer. 

3.11.4. All drips and splashes of 
enamel on primed surfaces shall be 
carefully scraped off before the hand- 
brushed coat of enamel is applied. 
This pertains particularly where over- 
head hand enameling is necessary in- 
side of pipe or specials. 

3.11.5. Hand-enameling daubers shall 
be of the size best adapted for the work 
and shall be subject to the approval of 
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the engineer. Daubers shall be made 
of the best grade of Tampico Fiber set 
in solid hardwood handles. Mops, 
sweeps, or knot daubers shall not be 
used. Long hand horseshoe daubers 
will be acceptable for large areas and 
flat work. 


Sec. 3.12—Fittings 


All fittings such as manholes, service 
connections, air valves, and blowoff 
connections shall be protected with 
coal-tar primer and coal-tar enamel, 
and the same application procedure 
shall be employed as specified under 
Sec. 3.11 of these specifications. 


Sec. 3.13—Electrical Inspection 


The contractor shall conduct elec- 
trical inspection of all of the coating 
by means of an approved electrical 
flaw detector delivering approximately 
8,000-10,000 v at low amperage. Be- 
fore final shop acceptance of coal-tar 
enamel coating, the entire interior and 
exterior surfaces of all coated pipe shall 
be tested, and all defects found shall 
be satisfactorily repaired by and at the 
expense of the contractor. 


Sec. 3.14—Use of Whitewash on Ex- 
terior 


Outside surfaces of all pipe and spe- 
cials shall be given a coat of water- 
resistant whitewash immediately fol- 
lowing final inspection. 


Section 4—Field Procedure and Enameling 


Sec. 4.1—Transporting and Handling 
Enameled Pipe 


4.1.1. Protected pipe at all times 
shall be handled with equipment such 
as stout, wide belt slings and wide 
padded skids designed to prevent dam- 
age to the coating. Bare cables, chains, 
hooks, metal bars, or narrow skids shall 


not be permitted to come in contact 
with the coating. All handling and 
hauling equipment shall be approved 
by the engineer before use. 

4.1.2. When shipped by rail, all pipe 
shall be carefully loaded on properly 
padded saddles or bolsters. All bear- 
ing surfaces and loading stakes shall be 
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properly padded with approved pad- 
ding materials. Pipe sections shall be 
separated so that they do not bear 
against each other, and the whole load 
must be securely fastened together to 
prevent movement in transit. When 
applicable to this type of pipe, the pipe 
shall be loaded and tied into a unit load 
in strict accordance with the current 
loading rules of the American Railway 
Association. 

4.1.3. In truck shipments, the pipe 
shall be supported in wide cradles of 
suitably padded timbers hollowed out 
on the supporting surface to fit the cur- 
vature of pipe, and all chains, cables, 
or other equipment use for fastening 
the load shall be carefully padded. 
For smaller-diameter pipe, sand- or 
sawdust-filled bags may be used in- 
stead of hollowed-out timbers. 

4.1.4. The purchaser shall inspect 
the pipe and pipe protection on cars 
or trucks at destination, and if the pipe 
or pipe protection is found damaged, 
claim shall be made against the carrier. 


Sec. 4.2—Handling Enameled Pipe 
in Field or at Trench 


4.2.1. Pipe shall be stored along the 
trench side, supported on wooden tim- 
bers placed under the uncoated ends to 
hold the pipe off the ground. 

4.2.2. Pipe shall be hoisted from the 
trench side to the trench by means of 
a wide belt sling. Chains, cables, tongs, 
or other equipment likely to cause dam- 
age to the enamel coating will not be 
permitted, nor will dragging or skid- 
ding the pipe. The contractor shall al- 
low inspection of the coating on the 
under side of the pipe while suspended 
from the sling. Any damage shall be 
repaired before lowering the pipe into 
the trench. 

4.2.3. Where the trench traverses 
rocky ground or ground containing 
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hard objects that would penetrate the 
protective coating, a layer of screened 
earth or sand not less than 3 in. in 
thickness shall be placed in the bottom 
of the trench prior to installation of 
pipe. 

4.2.4. At all times during erection 
of the pipeline the contractor shall use 
every precaution to prevent damage to 
protective coating on the pipe. No 
metal tools or heavy objects shall be 
unnecessarily permitted to come in con- 
tact with the finished coating. Work- 
men will be permitted to walk upon the 
coating only when necessary, and in 
case of such necessity the workmen 
shall wear shoes with rubber or com- 
position soles and heels. This shall 
apply to all surfaces, whether bare, 
primed, or enameled. Any damage to 
the pipe or the protective coating from 
any cause during the installation of the 
pipeline and before final acceptance by 
the purchaser shall be repaired as di- 
rected by the engineer, by and at the 
expense of the laying contractor. 


Sec. 4.3—Welded Field Joints—Coal- 
Tar Enamel Lining and Coating 


4.3.1. The coal-tar primer and coal- 
tar enamel used shall be the same mate- 
rial as used for coating and lining pipe. 

4.3.2. Interior. Before field pres- 
sure testing, interior welds of field 
joints shall be cleaned. Primer shall 
then be applied and allowed to dry ac- 
cording to the coating manufacturer’s 
instructions. Hot enamel shall next be 
applied with daubers to specified thick- 
ness and shall overlap the main body of 
coating on each side of the weld to form 
a continuous coating free from defects. 
For coating field joints, there shall be 
located at frequent intervals along the 
pipe pour holes through which hot 
enamel may be poured into enameling 
buckets inside the pipe. (The require- 
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ments of this paragraph are applicable 
only to those sizes of pipe—27 in. and 
larger—into which it is possible to 
enter for cleaning and applying 
primer and enamel.) 

4.3.3. Exterior. After field pressure 
tests have been completed, joints shall 
be cleaned and primed. When the 
primer is dry, the field joints shall be 
manually coated to the specified thick- 
ness. Enamel shall overlap the coating 
on each side of the field joint to form a 
continuous external coating free from 
defects. 

4.3.4. All hand enameling shall be 
done in accordance with the procedure 
outlined in paragraphs under Sec. 3.11 
of these specifications, and heating of 
enamel for field application shall be 
done in accordance with the procedure 
outlined in paragraphs under Sec. 3.5 
of these specifications. 

4.3.5. All field coating work shall be 
thoroughly inspected by the contractor 
using an electrical flaw detector, and 
any flaws or holidays found shall be 
repaired by the contractor. 


Sec. 4.4—Mechanical Couplings— 
Cleaning, Priming, and Coating 


At the point of manufacture, all cou- 
plings shall be cleaned, then primed 
with the coal-tar primer specified by 
the manufacturer of the coating used 
on the pipe. The couplings and the 
exposed pipe ends shall be reprimed 
in the field. When the primer is dry, 
these surfaces shall be coated with the 
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AWWA coal-tar enamel coating rec- 
ommended by the manufacturer of the 
coating used on the pipe. The coating 
shall be capable of conforming to the 
normal movement of the buried pipe 
without cracking. 


Sec. 4.5—Backfilling 


Backfilling shall be conducted at all 
times in such a manner as to prevent 
damage and abrasion to coal-tar enamel 
exterior protection on pipe. 

4.5.1. Placing of backfill about exte- 
rior-protected pipe shall be done only 
in the presence of the inspector after his 
final inspection and acceptance of exte- 
rior protection on the pipe. 

4.5.2. Immediately after placing and 
aligning pipe in the trench and before 
completing the joint, loose backfill shall 
be placed about the pipe to a depth of 
about 6 in. above the pipe, except at 
field joints. This backfill shall consist 
only of fine soil, sand, or other selected 
backfill. 

4.5.3. If rocks or other hard objects 
occur in the backfill along any section 
of the pipeline, such backfill shall be 
screened before being placed about the 
pipe, or, at the option of the contractor, 
suitable waste backfill from other parts 
of the line may be transported to and 
placed about the pipe in such sections. 

4.5.4. Settlement of backfill in the 
trench shall be by means of flooding, 
puddling, tamping, or jetting. Rod- 
ding with metal rods will not be 
permitted. 
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Sec. 5.1—General 


Contractor shall furnish all labor, 
equipment, and materials required and 
shall prepare, paint, or coat all exposed 
steel surfaces erected aboveground. 

5.1.1. For ordinary atmospheric con- 
ditions, the steel surfaces shall receive 
two coats of synthetic red lead primer 
(or one coat of synthetic red lead 
primer and one coat of synthetic white 
enamel) and one coat of aluminum 
paint. 

5.1.2. For more corrosive than nor- 
mal conditions, the steel surfaces shall 
receive one coat of heavy-bodied, cold- 
applied coal-tar coating, one coat of 
heavy-bodied coal-tar emulsion, and 
one coat of aluminum paint. This sys- 
tem may be applied either to bare metal 
or to plates and structurals which have 
been properly cleaned at the shop, then 
shop primed with one coat of coal-tar 
primer referred to in Sec. 2.1. Each 
coat of coal-tar coating and coal-tar 
emulsion shall be applied at the cover- 
age rate of approximately 60 sq ft per 
gallon. 


Sec. 5.2—Preparation of Exterior Sur- 
faces of Pipe 


Preparation of exterior surfaces shall 
comply in all respects with the proce- 
dure outlined in paragraphs under Sec. 
3.2 of these specifications. After com- 
pletion of field-welded joints, they shall 
be properly cleaned before field appli- 
cation of red lead primer or the cold- 
applied coal-tar coating. 


Sec. 5.3—Priming of Exterior Sur- 
faces of Pipe 
5.3.1. Red lead primer to be used 
shall be as specified in paragraphs under 
Sec. 2.6 of these specifications. Ap- 
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Section 5—Application of Paint to Exposed Exterior 
Steel Surfaces Erected Aboveground 


plication of red lead primer shall be 
as specified for coal-tar priming in 
Sec. 3.3.1-3.3.4, inclusive, of these 
specifications. 

5.3.2. Coal-tar primer shall be ap- 
plied to all shop-blasted surfaces which 
are to be coated in the field with cold- 
applied coal-tar coating and coal-tar 
emulsion. Coal-tar primer to be used 
shall be as specified in paragraphs 
under Sec. 2.1 of these specifications. 
Application of coal-tar primer shall be 
as specified in paragraphs under Sec. 
3.3 of these specifications. The coal-tar 
primer shall not be applied to surfaces 
which are to be blasted in the field after 
erection. 

5.3.3. Care shall be taken to prevent 
abrasion or scarring of the primed sur- 
faces before the film has dried hard and 
firm. Any damage to red lead or coal- 
tar primer shall be repaired before sub- 
sequent coats are applied. Red lead 
primer shall be allowed at least 24 hr 
drying time before a second coat of red 
lead primer or white enamel is applied. 


Sec. 5.4—Second Coating of Exterior 
Surfaces of Pipe 


Material and application for the sec- 
ond coat of red lead primer or white 
enamel shall comply in all respects with 
these specifications. 


Sec. 5.5—Finish Coat of Aluminum 
Paint on Exterior Steel Surfaces 


5.5.1. Finish coat shall be aluminum 
paint applied in the field by air spray 
gun in one or two coats as specified by 
the purchaser. 

5.5.2. Aluminum paint shall be com- 
posed of aluminum vehicle and alumi- 
num bronzing pigment in accordance 
with these specifications. Aluminum 
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paint shall be mixed in the field as re- 
quired for the work in a ratio of 2 Ib 
of pigment to 1 gal of vehicle. No ad- 
ditional thinner shall be used in the 
paint. 

5.5.3. Before application of finish 
coat of aluminum paint, the field joints 
shall be cleaned of all dirt and rust and 
primed and recoated with the same 
material in the same manner as pre- 
scribed for shop priming of the pipe. 


Sec. 5.6—First Coat of Cold-applied 
Coal-Tar Coating 


5.6.1. Cold-applied coal-tar coating 
to be used shall be as specified in para- 
graphs under Sec. 2.10 of these specifi- 
cations. This cold-applied coal-tar 
coating shall not be applied to the in- 
side surfaces of the pipe because it may 
impart a taste to potable water. It can 
be applied by brushing or spraying. 
Special equipment is required for satis- 
factory spray application. It shall be 
applied at the coverage rate of approxi- 
mately 60 sq ft per gallon. This cold- 
applied coal-tar coating must be applied 
either to bare metal or to plates and 
structurals which have been properly 
cleaned at the shop, then shop primed 
with one coat of coal-tar primer re- 
ferred to in Sec. 2.1. This coating 
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shall not be applied to surfaces previ- 
ously painted with red lead primer. 
The surfaces shall be dry at the time 
the coal-tar coating is applied, and no 
coating shall be applied during rain or 
fog. 

5.6.2. The cold-applied coal-tar coat- 
ing applied in the field shall be allowed 
at least 24 hr drying time before the 
coat of coal-tar emulsion is applied. 


Sec. 5.7—Application of Cold-ap- 
plied Coal-Tar Emulsion 


5.7.1. Cold-applied coal-tar emulsion 
to be used shall be as specified in para- 
graphs under Sec. 2.11 of these speci- 
fications. This emulsion shall not be 
applied to the interior surfaces of the 
pipe. It may be applied by brushing or 
spraying. Special equipment is re- 
quired for satisfactory spray applica- 
tion. It shall be applied at the rate of 
approximately 60 sqft per gallon. 
This cold-applied coal-tar emulsion 
shall be applied over the cold-applied 
coal-tar coating, after that coat has 
become dry. No emulsion shall be ap- 
plied during rain or fog. 

5.7.2. Containers of the cold-applied 
coal-tar emulsion shall be kept at tem- 
peratures above 32°F to prevent 
freezing. 


APPENDIX 
Section Al—General 


Sec. Al.l1—Scope 


This Appendix covers material speci- 
fications and application procedures for 
additional exterior protection required 
as follows: 

Al.1.1. For the outside of all pipe 
less than 30 in. in diameter to be placed 
underground, a coat of coal-tar primer 
followed by a hot coat of coal-tar 
enamel into which shall be bonded a 
single layer of asbestos felt wrap, and 
finished with one coat of water-resistant 


whitewash or a single wrap of kraft 
paper, as outlined in Sec. A1.2. 

A1.1.2. For the outside of all pipe, 
regardless of diameter, to be placed un- 
derground, under unusual construction 
conditions, a coat and wrap system best 
suited to the conditions outlined in one 
of the sections Al.2, Al1.3, A1.4, or 
A1.5 in this Appendix. 

A.1.1.3. These additional exterior 
protective measures, for pipe to be in- 
stalled under unusual construction con- 
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ditions, are not a part of the specifica- 
tions unless specifically included by the 
purchaser as provided in Sec. 1.3 of the 
main specifications. 


Sec. Al.2—Bonded Asbestos Felt 
Wrap 


A1.2.1. This type of additional exte- 
rior protection shall be used on all pipe 
less than 30 in. in diameter to be placed 
underground; or when the engineer 
desires a single wrap on pipe 30 an. in 
diameter and larger to provide addi- 
tional exterior protection because of 
soil stresses. 

Al1.2.2. The pipe shall be lined on 
the inside and coated on the outside 
with coal-tar enamel in accordance with 
all provisions of the specifications, and 
the enamel used on the outside shall be 
applied to a thickness of 34 in. with an 
allowable variation of + y5 in. under 
the asbestos felt. 

A1.2.3. Asbestos felt shall conform 
to the material specified in Sec. A2.1 of 
this Appendix. 

A1.2.4. Application of the asbestos 
felt shall conform to the procedure 
specified in Sec. A3.1 of this Appendix. 

A1.2.5. Final pipe protection shall 
be whitewashed as provided in the 
specifications or wrapped with kraft 
paper specified in Sec. A2.2 of this 
Appendix. 


Sec. Al.3—Coal-Tar Enamel and 
Bonded Double Asbestos Felt 


Wraps 


A1.3.1. This type of additional exte- 
rior protection shall be used only where 
extraordinarily severe soil conditions 
exist, or on submarine lines, river 
crossings, etc. 

A1.3.2. The pipe shall be lined on 
the inside and coated on the outside 
with coal-tar enamel in accordance with 
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all provisions of the specifications, and 
the enamel used on the outside shall be 
applied to a thickness of 33; in. with an 
allowable variation of + 3/5 in. under 
the first bonded wrap of asbestos felt, 
and z5-in. minimum thickness under 
the second bonded wrap of asbestos felt. 

A1.3.3. Asbestos felt shall conform 
to the material specified in Sec. A2.1 
of this Appendix. 

A1.3.4. Application of the asbestos 
felt shall conform to the procedure 
specified in Sec. A3.1 of this Appendix. 

A1.3.5. Final pipe protection shall 
be whitewashed as provided in the 
specifications or wrapped with kraft 
paper specified in Sec. A2.2 of this 
Appendix. 

A1.3.6. The resultant construction of 
this exterior protection shall be: 


(1) Coal-tar primer. 

(2) Coal-tar enamel (3 in., + #5 
in., thick). 

(3) Bonded asbestos felt. 

(4) Coal-tar enamel (3/5 in. mini- 
mum). 

(5) Bonded asbestos felt. 

(6) Whitewash (or kraft paper). 


Sec. Al.4—Coal-Tar Enamel, Fibrous 
Glass Mat, and Bonded Asbestos 
Felt Wrap 


A1.4.1. This type of additional exte- 
rior protection shall be used only where 
extraordinary soil conditions exist, or 
on submarine lines, river crossings, etc. 

A1.4.2. The pipe shall be lined on 
the inside and coated on the outside 
with coal-tar enamel in accordance with 
all provisions of the specifications, ex- 
cept that the fibrous glass mat shall be 
embedded in the outside of the enamel 
applied to a thickness of 33; in. with an 
allowable variation of + 35 in.; and 
there shall be a 35-in. minimum thick- 
ness of enamel under the bonded wrap 
of asbestos felt. 


or 
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A1.4.3. Fibrous glass mat shall con- 
form to the material specified in Sec. 
A2.3 of this Appendix. 

A1.4.4. Asbestos felt shall conform 
to the material specified in Sec. A2.1 
of this Appendix. 

A1.4.5 Application of fibrous glass 
mat shall conform to the procedures 
specified in Sec. A3.2 of this Appendix. 

A1.4.6. Application of the asbestos 
felt shall conform to the procedures 
specified in Sec. A3.1 of this Appendix. 

A1.4.7. Final pipe protection shall 
be whitewashed as provided in the 
specifications or wrapped with kraft 
paper specified in Sec. A.2.2 of this 
Appendix. 

A1.4.8. The resultant construction of 
this exterior protection shall be: 


(1) Coal-tar primer. 

(2) Coal-tar enamel (35 in., + 35 
in., thick). 

(3) Fibrous glass mat. 

(4) Coal-tar enamel (35 in. mini- 
mum). 

(5) Bonded asbestos felt. 

(6) Whitewash (or kraft paper). 
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Sec. Al.5—Sand Shield 


A1.5.1. This type of exterior protec- 
tion shall be used only when the meth- 
ods of backfill as required in Sec. 4.5 
of the specifications are not available 
or are considered undesirable. 

A1.5.2. The pipe shall be lined in- 
side and coated outside with coal-tar 
enamel in accordance with all provi- 
sions of the specifications. In addition, 
the entire pipeline, or such portions of 
the line as are designated by the pur- 
chaser, shall be completely surrounded 
by sand before any backfill is placed in 
the trench. A minimum depth of 3 in. 
of sand shall be placed in the trench 
before the pipe is laid, and the sand 
shall be placed about the pipe and to a 
minimum cover of 3 in. over the pipe. 


Sec. Al.6—Reinforced Cement-Mor- 
tar Shield 


When a reinforced cement-mortar 
shield is desired over the exterior coat 
of coal-tar enamel, the materials and 
application procedures shall conform to 
the applicable requirements of AWWA 
Specifications C205. 


Section A2—Material Specifications 


Sec. A2.1—Asbestos Coal-Tar Satu- 
rated Felt 


The wrapper shall be composed of 
an asbestos felt having an asbestos con- 
tent of not less than 85 per cent of the 
desaturated felt with suitable binder, 
the whole saturated with a distilled 
coal-tar to produce the following char- 
acteristics in the finished felt: 

A2.1.1. Appearance. The finished 
tar-saturated asbestos felt shall have a 
calendered surface free from visible ex- 
ternal defects. When unrolled at tem- 
peratures of 32°-100°F, it shall not 
stick to such an extent as to case 
tearing. 


A2.1.2. Weight per 100 sqft. Ex- 
clusive of all conmminuted surfacing or 
sand which has been added to prevent 
sticking in the rolls, the weight shall be 
not less than 12 lb nor more than 15 
Ib per 100 sq ft. 

Test method. ASTM D146-47, Sec. 
1-9, 

A2.1.3. Breaking strength. Aver- 
age after test samples from the inside 
of the roll have been aged in free air 
for 72 hr: 

(1) With fiber grain (longitudinal), 
not less than 25 Ib. 

(2) Across fiber grain (transverse), 
not less than 10 Ib. 
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Test method. ASTM D146-47, Sec. 
12(a). 

A2.1.4. Pliability. Average after test 
samples from the inside of the roll have 
been aged in free air for 72 hr: No 
cracking of felt when bent over a 1-in. 
mandrel at 77°F. 

Test method. With the trimmer de- 
scribed in Sec. 12(a) of ASTM 
D146-47, five 6-in. strips shall be cut 
with the fiber grain as shown at D-1 
to D-5 (Fig. 1 of the ASTM specifi- 
cation) and immersed in water at 77°F 
(25°C) for 10-15 min. These strips 
shall be bent through 180 deg at a uni- 
form speed, in exactly 2 sec, around a 
mandrel with a diameter of 1 in. 

A2.1.5. Saturation. Average after 
test samples from the inside of the roll 
have been aged in free air for 72 hr: 
The saturation by extraction shall be 
not less than 22 per cent nor more than 
32 per cent of the weight of the ex- 
tracted felt. 

Test method. ASTM D146-47, Sec. 
16, omitting correction for entrained 
carbonaceous materials, calculated as 
follows: 


wt. of extracted saturant X 100 


wt. of extracted felt (as defined) 
= % saturation 

A2.1.6. Loss on heating. The loss 
on heating shall be not more than 10 
per cent according to the following test 
method : 

Test method. Cut two samples, 6 in. 
wide by 12 in. long, of saturated felt, 
weighing each strip, and suspend by 
wire hooks for 2 hr in an oven main- 
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tained at 200°F, + 5°F. Care shall be 
taken to see that the felt does not touch 
the oven side or other samples of felt 
and that localized overheating of the 
samples does not take place. Remove 
from the oven, cool in a desiccator, and 
weigh. Compute the percentage of loss 
in weight based upon the original 
weight of the sample, minus the weight 
of surfacing. The average of the result 
on the two samples shall be reported as 
the loss on heating. 


Sec. A2.2—Kraft Paper 


The kraft paper shall be an 80-lb, 100 
per cent sulfate, smooth. It may be im- 
printed at intervals with the name of the 
applicator or steel pipe manufacturer. 


Sec. A2.3—Fibrous Glass Mat 


A2.3.1. The fibrous glass mat shall 
be a thin, flexible, uniform mat, com- 
posed of glass fibers in an open porous 
structure, bonded together with a ther- 
mosetting resin which shall be com- 
patible with the hot coal-tar enamel. 

A2.3.2. No disbonding of individual 
glass fibers during or following the 
embedding process shall occur. 

A2.3.3. The fibrous glass mat shall 
not cause bubbling under the conditions 
of application. 

A2.3.4. The mat shall be sufficiently 
porous so that it can be embedded in 
the hot coal-tar enamel as it is applied 
to the exterior of the pipe. 

A2.3.5. The mat shall be approxi- 
mately 18 mils in thickness. 
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Section A3—Application Procedure 


Sec. A3.1—Application of Asbestos 
Coal-Tar Saturated Felt 


Asbestos felt shall be mechanically 
applied in a continuous end-feed ma- 
chine or in a lathe-type machine or 
by approved field felt application 
equipment. 

A3.1.1. External enamel and asbes- 
tos felt wrapper shall be applied to the 
revolving pipe so as to produce a coal- 
tar enamel coating to a thickness of 35 
in., and the allowable variation in the 
enamel thickness shall not exceed + 35 
in. The asbestos felt shall be definitely 
and positively bonded to the enamel. 
The enamel coating shall be continuous 
and free from defects, skips, or holidays. 

A3.1.2. The asbestos felt as specified 
in Sec. A2.1 shall be of suitable width 
for smooth, spiral application and shall 
be of approximately uniform width. 
The lap of the felt shall be not less than 
4in. The asbestos felt shall be applied 
neatly and smoothly and shall be free 
of wrinkles and buckles. 

A3.1.3. Over the bonded asbestos felt 
wrapper shall be applied a spiral wrap- 
ping of kraft paper as specified in Sec. 
A2.2, unless outside surfaces are to be 
coated with whitewash following final 
inspection as specified in Sec. 3.14 of 
the main specification. 


Sec. A3.2—Application of Fibrous 
Glass Mat 


Fibrous glass mat shall be mechani- 
cally applied in a continuous end-feed 
machine or in a lathe-type machine or 
by approved felt application equipment. 

A3.2.1. The fibrous glass mat shall 
be applied simultaneously with the first 
coat of coal-tar enamel. Sufficient ten- 
sion shall be applied to the roll of 
fibrous glass mat to embed it in the 
enamel before the enamel sets or cools. 
The fibrous glass mat shall not be 
pulled through the hot enamel to the 
metal surface. 

A3.2.2. The fibrous glass mat as 
specified in Sec. A2.3 shall be of suit- 
able width for smooth, spiral applica- 
tion and shall be of approximately uni- 
form width. The lap of the fibrous 
glass mat shall not be less than 4 in. 

A3.2.3. The second coat of hot coal- 
tar enamel shall be applied over the 
fibrous glass mat simultaneously with 
a single bonded wrap of asbestos coal- 
tar saturated felt. 

A3.2.4. Fibrous glass mat shall not 
be used when two wraps of asbestos 
coal-tar saturated felt are applied in 
accordance with Sec. Al.3 of this 
Appendix. 
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AQUA NUCHAR activated carbon goes to work immedi- 
ately—trapping bad taste- and odor-producing bodies on 
its many surfaces. As a result, water plant operators 
who use proper AQUA NUCHAR dosages in their water- 
purification techniques are sending good will through 
their lines in the form of sparkling, palatable water. 
If your water contains odors of chlorine, fish, grass, 
cucumbers, etc., make plans now to feed adequate dos- 
_ of AQUA NUCHAR to produce palatable water at 
all times. 


Our Technical staff will, without obligation, make a sur- 
vey of your plant and make recommendations as to 
when, where and how you can best use AQUA NUCHAR 
activated carbon. 


GOOD CARBON: GOOD WATER-GOOD WILL 


230 Park Ave. New York CHEMICAL SALES 


Broad & Chestnut Sts, 7 division west virginia pulp and paper company 
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there’s a cost that fay 


All water meters are fine instruments. Any fine instrument loses accu- 
racy as it wears. Because ‘of this fact, written between the lines of 
any water meter price are two items you can't read for many years. 
Yet they are vital in choosing the lowest ‘‘total price." 

First, as a meter loses accuracy, it gives away revenue. Before its 
first overhaul it may give away twice as much money as it seems to 
save in its ‘‘low bid" original price. 

Secondly, to keep the meter accurate you may have higher repair 
costs over the years... or premature scrap-and-replace costs. Good 
meters often vary widely in this respect. 

Tridents are preferred because they earn more and cost less in 
the long run. They never become obsolete. You modernize your Tridents 
as you repair. Ask your neighbor ...or ask Neptune for details. 


NEPTUNE METER COMPANY 


19 West 50th Street * New York 20,N. Y. NEPTUNE METERS, LTD. 
1430 Lakeshore Road © Toronto 14, Ontario 


Bronch Offices in Principal American and Canadian Cities 
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Solace, like tranquility, is now pur- 
chasable. Unlike the tranquilizers, 
however, the consolers are not pills but 
policies and, unfortunately, they offer 
not general relief, but specific solace. 
At the moment, however, we can think 
of no solace more in demand than that 
for a vacation spoiled by rain, and it 
is for that calamity that the Fireman’s 
Fund Insurance Group offers insur- 
ance that will pay claims of up to 
$1,200 “to soothe your disappointment 
and help restore vacation funds.” 
Without getting into the fine-print de- 
tails, we can report that the premium 
charged is 5 per cent of the principal 
and that the payoff is based not only 
on the principal, but on the number of 
days of rain, with the minimum pay- 
ment 10 per cent of the principal if 
approximately half the days are rainy. 
As analyzed by Fortune magazine, for 
a September vacation in San Fran- 
cisco—one of the 88 vacation areas 
covered—the odds against 5 days of 
rain in a 2-week vacation period are 
about 500 to 1, whereas the payoff for 
that number of days would be only 
2 to 1. Still, if it’s solace you want, 
the price is bound to be high—and to 
the water works man any payment at 
all would be the best price he ever got 
for water. 


(Continued on page 36 P&R) 


Were this only a matter of fun on 
vacation, though, we would never have 
mentioned it, for the water works man, 
we understand, rarely has time for a 
vacation and, when he does, we’ve been 
told, he spends it visiting other water 
works. What we should like to sug- 
gest, though, is the possibility of a 
reciprocal policy for the nonvacation- 
ing water works man—that is, drought 
insurance. If we know insurance peo- 
ple at all, we are certain they will be 
anxious to hedge their vacation cover- 
age against a rainy day, and what bet- 
ter way than by offering the water 


works man a little solace during 
drought. As a matter of fact, had 
insurance like this been available, 


Texas’ 7-year drought might well have 
paid for the facilities necessary to com- 
bat it. And right now in a good part 
of the Northeast, policy writer’s cramp 
would be epidemic. 

For a happy or prosperous vacation, 
if not for a full or fund-raising reser- 
voir, see your solace broker now! 


Conway B. Briscoe has been named 
water commissioner at St. Louis, suc- 
ceeding Thomas J. Skinker, who re- 
tired Jan. 15 (see March 1957 P&R, 
p. 80). Mr. Briscoe has been director 
of public utilities at St. Louis since 
1949. 
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Not hollers, but dollars was the 
response of customers at Frontenac, 
Kan., last month when their water 
supply was shut off to permit repairing 
the storage tank. And water superin- 
tendent John Cornella, who had fully 
expected a march of homeowners on 
city hall, wasn’t at all prepared to have 
them stop at the bill collection counter. 
Finding it hard to believe that Fronte- 
nacian consciences are any more guilty 
than those in other communities, we 
wonder if we haven’t stumbled upon a 
new and much more subtle technique 
for collecting overdue accounts. At 
any rate, we have a fair idea of when 
a most happy Cornella will do his re- 
pair work from now on. And well 
may it be dun! 


Predun bills are getting their share 
of attention, too. First, toward mak- 
ing them less painful, banks and utili- 
ties have been working on a new plan 
of “preauthorized checks,” whereby the 
utility customer authorizes the utility 
to draw a check against his bank ac- 
count to pay his bill and then au- 
thorizes the bank to honor the check 
without his signature. On the other 
hand, toward making them less pain- 
less, the Galena Park, Tex., city coun- 
cil just voted to add 50 cents to the 
June, July, and August water bills to 
pay the cost of spraying the city to 
control mosquitoes. Neither the pain- 
lessness nor the painlesslessness is 
likely to make life significantly sim- 
pler for the water works man. 

Of course, with the water supply so 
often taken for granted, it may be only 
logical for the water works man, too, 
to take for granted—from the cus- 
tomer’s bank account—the money re- 
quired to pay for the water supplied, 
but we have an idea that this kind of 


reaching into the customer’s pocket 
and helping oneself may be fraught 
with more hazards to public relations 
than its values in reduced collection 
costs will be worth. Furthermore, 
with the industry as a whole working 
hard to eliminate take-for-grantedness, 
it hardly seems logical to dispose of 
one of the water utility’s very few 
points of contact with its customers. 
It may be true, of course, that no con- 
tact at all is better than the kind that 
may produce friction, but then, cer- 
tainly, we ought to get hold of some- 
thing more foolproof than the cus- 
tomer’s bank account—his paycheck at 
least. It would, after all, be simple 
enough to have his employer, who is 
already paying most of his income tax 
for him and probably helping him to 
buy government bonds, authorized to 
withhold the funds necessary to pay 
his water bill and, for that matter, any 
other—but that’s another matter. 

And still another matter ought to 
be the business of mosquito control— 
unless, of course, the tie-in at Galena 
Park is some similarly subtle type of 
bill-collecting scheme as Frontenac’s 
repair work. Although the new and 
used water argument has led us to 
accept the idea of making room for the 
sewer service charge on the water bill, 
we have been unable to rationalize the 
joint administration of water and mos- 
quito control accounts even as success- 
fully as, for instance, water and tele- 
vision repair accounts, which can, at 
least, be billed as water, women, and 
song. 

Neither preauthorized nor preoccu- 
pied, the water bill shouldn’t be too 
hard to take straight. And if collect 
as collect can doesn’t work, with the 
right kind of imagination, to dun can 
be fun. 


(Continued on page 38 P&R) 
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a message of importance 
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more water 
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Consulting Engineers: 
W. H. Dickson and Co., 
Charlotte, N. C. 


plant capacity... 


ACCELATOR® clarifier for Monroe, N. C., 
doubles plant capacity and increases 
potential capacity of plant 3 to 4 times! 


The thriving industrial City of Mon- 
roe had outgrown its water treatment 
plant of 2 M.G.D. capacity. Its loca- 
tion near the center of town eliminated 
any possibility of acquiring additional 
adjacent property. 

Installation of an “ACCELATOR” 
mechanism in one of the two existing 
settling basins increased the capacity of 
the basin from 1 M.G.D. to 3 M.G.D. 
The plant now has enough capacity for 
the present needs, and enough space to 
eventually provide a modern 6, and 
possibly 8, M.G.D. plant. This increase 
in capacity could be obtained only in 
an “ACCELATOR" unit, the only high 


rate treating plant with controlled 
slurry circulation and downflow liquid- 
solids separation. 

If your community water plant needs 
to be enlarged, ask your consulting 
engineer to contact us or our field 
offices. It is frequently possible to 
modernize an existing plant at a sur- 
prisingly low cost. Or if you need a 
new plant—INFILCO high rate equip- 
ment will afford the same cost and 
performance advantages—with plants 
engineered for any capacity. 

Write today for Reprint 76 which 
describes this installation, and for 
Bulletin 1825. 


INE 


General Offices - Tucson, Arizona - P.O. Box 5033 
Field offices throughout the United States 


and in foreign countries 


S7418-A 


THE ONLY COMPANY impartially offering equipment for ALL types of water and waste conditioning — coagulation, 
sedimentation 


precipitation, 


. flotation, filtration, ion exchange and biological treatment. 
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Clothes to burn is what every 
woman wants, and it won’t be long 
now until every man will be able to 
give her just that. It is Kimberly- 
Clark Corp.’s researchers who are the 
benefactors involved, having come up 
with the formula for one-time throw- 
away paper clothing. Not yet among 
the fashions offered by Paris coutu- 
riers, paper costumes are as yet being 
aimed principally at the field of hard- 
to-wash utility garments, such as in- 
dustrial coveralls, policemen’s ponchos, 
aprons, and hospital gowns. But they 
are such a natural for women’s dresses, 
in which no self-respecting female ever 
wants to be seen more than once any- 
way, that it shouldn’t be too long be- 
fore our beloveds appear in newspaper 
prints or onionskin organdy. 

Actually, it isn’t only the personal 
side of paper clothing that should be 
of interest to us—particularly until we 
know how much a tissue evening gown 
is going to cost—but the evaluation of 
the effect of paper clothing on water 
use. Carried far enough, the shift to 
paper could certainly make a sig- 
nificant change in water demand as the 
eraser and the match replaced the 
washing machine. Still with paper 
manufacturing one of the largest con- 
sumers of water, the overall change 
would probably be upward—particu- 
larly in view of the increase in fire 
protection water that will undoubtedly 
be required. 

And speaking of water, the paper 
bathing suit will, if nothing else, add 
considerable interest to that “wet- 
strength” commercial. 


Mathew M. Braidech, research di- 
rector, National Board of Fire Under- 
writers, New York, has been awarded 
the Benjamin G. Lamme Medal by 


Ohio State University. The medal is 
presented annually to an alumnus for 
“meritorious achievement in engineer- 
ing or the technical arts.” 


Lock Joint Pipe Co., East Orange, 
N.J., has announced the election of 
Hugh F. Kennison as vice-president 
in charge of engineering and research. 
R. J. Sweitzer has been named direc- 
tor of research and development. 


A lost weekend at Lillington, N.C., 
last month meant just about what that 
term is intended to imply—that is, 
almost every Lillingtonian was off the 
water wagon at once. The occasion, 
however, wasn’t Bacchus’ birthday or 
even the grand opening of the Lilling- 
ton Liquor Store. As a matter of fact, 
not only were things not convivial, but 
the town was practically deserted. 
And “deserted” is the word, for the 
water department was taking the occa- 
sion of a changeover from a deep well 
supply to a filtered surface supply to 
interrupt service and give the whole 
distribution system a thorough flushing 
and redisinfection. The cleaning and 
changeover process meant that there 
would be no potable water between 8 
AM Saturday and 12:30 am Monday— 
a weekend lost to all but a few tem- 
perate souls who didn’t object to pour- 
ing their water out of bottles and were 
willing to spend the week before stock- 
ing their cellars. Of course, it wasn’t 
exactly “lost” to the water department 
either, for the job of getting the stage 
set for the unveiling of a new supply 
upon which 1,100 Lillingtonians had 
spent $100,000 must have made those 
403 hr busy ones. After all, it 
wouldn’t do to have the lost weekend- 
ers seeing things in their cups—even 
if they weren’t as spectacular as pur- 
ple dragons or pink elephants. 


(Continued on page 40 P&R) 
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-- Automatically 


For treating gravity fed water 

supplies, here’s a natural. The 

only power required to drive : 

Proportioneers Automatic and Proportional Chem-O-Feeder is the 
flow of water through the pipe line itself. The Chem-O-Feeder delivers 
water treating chemicals in strict proportion to the main flow: low 
flow ... low feed — high flow ... high feed. 

Simple and dependable, the Chem-O-Feeder is paced by a standard 
main line, by-pass, or fire line meter — and is easily adapted to most 
any meter already in service. The meter does not drive the pump but 
serves simply as a control unit — thus the accuracy of the meter itself 
is in no way impaired. Bullein SAN-6 gives complete details . . 
send for your copy today. Proportioneers, Inc., 365 Harris Avenue, 
Providence 1, Rhode Island. 


@ PROPORTIONEERS 
B--F INDUSTRIE 
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Not dragons and elephants, but 
almost every other kind of beast seems 
in the past few months to have plagued 
water works men somewhere: 

Thus, at Trenton, N.J., it was a 
frog in the throat—well, on its way 
to the throat—that perturbed the wa- 
ter department. The throat belonged 
to a Mrs. Carl Burkard, who claimed 
that the frog—a Hylacruisifer, no less 
—plopped out of her faucet when she 
drew a drink of water. Not at all 
timid, Mrs. Burkard “captured” the 
beast and imprisoned it, first, in a 
bottle and, then, in an aquarium where 
it now plays with a pet salamander to 
prove her point. 

Not much later at Doberdo, Italy, 
the water superintendent and the whole 
community were considerably more 
perturbed when the town’s reservoir 
completely dried up for no apparent 
reason. What was unapparent was a 
big trout that had managed to disrupt 
the electrical pumping system and 
thereby cut off the supply. 

Then at Milwaukee, of all places, it 
was two hippopotam .. . well, one 
hippopotamus and another hippopota- 
mus at the Washington Park zoo that 
stood in the way of water works prog- 
ress, forcing cancellation of plans to 
recharge a deep well. The well, it 
seems, provides the water in which the 
two ...in which Tony and Cleo 
“cavort.” Recharging it would have 
involved shutting it down, which would 
have meant that the... that Tony 
and Cleo would have to use water from 
the regular city supply—much too cold 
for their delicate hippopotamic consti- 
tutions. 

Back overseas at Raccuja, Sicily, 
still another village supply was re- 
duced to a trickle recently even though 
there was plenty where it came from. 


There it took a number of inspectors 
some time to find and remove a 7-ft 
snake from the aqueduct, disinfect the 
line, and restore it to service. 

And at Yarmouth, Nova Scotia, just 
2 months ago, the same result on a 
smaller scale was accomplished by a 
3-in. fish lodged in a service pipe. 

What with hydrantphilic, meter- 
readerphobic dogs, with catcalling me- 
ters and faucets, with goldfish allergic 
to the chlorine in water supplies, and 
with seagulls, ducks, and sundry other 
winged nuisances hovering over his 
reservoirs, the water works man must 
often feel like fair game for any beast 
—and especially the purple dragon and 
the pink elephant. 


Manganetism attracts only irony! 
Thus, if your supply is manganetic, 
you'll do well to pass the word along 
to AWWA Task Group 2680 P, which 
is specifically charged with helping you 
rid yourself of this reason for customer 
irony, if not irateness. 

Lest you be poor at numbers, we 
should perhaps point out that the 
group’s task is entitled “Manganese 
Deposition in Pipelines” and that its 
answer to the problem cannot be found 
until the extent and nature of the prob- 
lem is fully known. In that, only the 
manganetized can help, so if you have 
a manganese problem, let committee 
chairman A. E. Griffin, Box 178, New- 
ark, N.J., know all about it. He’ll pass 
the word along to the committee mem- 
ber handling that aspect of the problem, 
and one of these days the manganetic 
field won’t be ours. 


M. R. Norsworthy, general man- 
ager of the Albertville, Ala., Municipal 
Utilities Board, has accepted the posi- 
tion of water superintendent at Au- 
burn, Ala. 


(Continued on page 42 P&R) 
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Ludlow hydrants incorporate all the ad- 
vantages and meet all the requirements 
for safety, durability and economy. 


HERE'S WHY: 

1. POP-OFF SLEEVE COUPLING: releases hydrant head from 
stem in event of traffic damage. 

2. BREAKABLE GROUND LINE FLANGE eliminates digging. 


. NO FLOODING. Closed hydrant remains locked—even in 
event of traffic accident. 


NO FREEZING. Positive drip action, at extreme bottom, 
assures complete drainage. 


. 90,000 TENSILE STRENGTH rolled Everdur threaded stem: 
section completely eliminates stem failure. 


. LESS OPERATING TORQUE. New, non-binding upper 
and lower “O” rings trap lubricant . . . assure positive water 
tight seal... require no servicing. 


MECHANICAL JOINT END 


THE RESULT: LOW INITIAL COST—YEAR AFTER YEAR-OF 


TROUBLE-FREE SERVICE. 


“NO POSSIBLE DIFFERENCE IN FIRST COST CAN 
OVERBALANCE THE PERPETUAL ECONOMY OF QUALITY.” 


VALVES & HYDRANTS 


since 186] THE LUDLOW VALVE MANUFACTURING CO. Troy, N.Y 
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Super De Lavaud 


CAST 


IRON 
PIPE 


In sizes 3” to 24” in 
modern long lengths. Bell 
and spigot, roll-on-joint 
and mechanical joint. 

For water, gas and 
sewage. 


Inquiries invited to our 


nearest sales office: 


122 South Michigan Avenue 
Chicago 3, Illinois 


350 Fifth Avenue 
New York 1, New York 


ALABAMA PIPE 


COMPANY 
General Sales Office 


ANNISTON, ALABAMA 
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One of the most ambitious engi- 
neering pipe fabrication and installation 
projects to be undertaken in Southern 
California in recent years is now under 
way on the Metropolitan Water Dis- 
trict’s Colorado River Aqueduct. A 
total of 47 inverted siphons to be 
placed along a 183-mile segment of the 


| aqueduct will help bring the gigantic 
| water supply line to its full planned 


delivery capacity of more than 1 bgd. 
The aqueduct is now delivering ap- 


| proximately half that amount. 


The precast reinforced concrete 


_ siphons vary in length from 73 ft to 


15,400 ft, with inside diameters up to 
133 ft. The 16-ft pipe sections will 
weigh 62-68 tons each. Fabrication 
and installation are being performed by 
American Pipe & Construction Co. un- 
der two contracts totaling nearly $16,- 
000,000. Because of the size of the 


| pipe and the distances involved, the 


company is erecting a semiportable 


| field plant which will be moved to a 


second location as the work progresses. 


| Completion of the project, which is 
_ part of the Metropolitan Water Dist. 


$200,000,000 expansion program under 


| the direction of General Manager & 
| Chief Engineer Robert B. Diemer, is 


expected by the end of 1958. 


What Price Water? has suddenly 
become more than an idle question 


' down in the Republic of Panama, 


where a Minister of Health, Welfare, 
and Labor who can safely be called 
pretty feels that the water supplied to 
the republic by the Panama Canal Co. 
from its Miraflores filtration plant is 
no bargain at all at 8.9 cents per 1,000 
gal. Thus, on her recent visit here, 
Senora Minister Cecilia Pinel de Re- 


| mon indicated her intention to recom- 


mend building a dam, filtration plants, 


(Continued on page 44 P&R) 
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Camden’s new 
5,000,000-gallon standpipe 
painted with Inertol... 


FOR PROTECTION — 
BEAUTY— 
ECONOMY! 


e This 5-million-gallon standpipe can look forward to long years of 
maintenance-free economy, a trim, attractive appearance. Inside and out, 
it’s protected with Inertol paints! 

Exterior surfaces are guarded with Inertol’s rugged, weather-resistant 
aluminum paint; interior surfaces, with Inertol’s asphaltic tank paint... 
imparts neither taste nor odor to potable water. 

Specified by Consulting Engineers Havens & Emerson, New York, 
these Inertol coatings meet the exacting requirements of water works 
service. Leading consulting engineers all over the country specify them 
again and again. 

A prominent shipbuilding and manufacturing center, Camden, N. J., 
is one of many cities which benefit from Inertol coatings. You, too, can 
benefit from Inertol’s 50 years’ experience in protective-decorative coat- 
ings designed to withstand submersion, weather and harsh chemical and 
abrasive conditions of municipal and industrial service. 

Send today, without obligation, for Inertol’s “Engineers’ Painting 
Guide” and “Tank Paints”—a handy portfolio of painting ideas. Just 
write us on your business letterhead, giving your title. 


Ask about Rustarmor®, A complete line of quality coatings for sewage, 
Inertol’s new water and industrial wastes plants. 


hygroscopically controlled a> 

rust-neutralizing paint —— INERTOL co., INC. 
—excellent for standpipe ww 484 Frelinghuysen Avenue, Newark 12, N. J. 
and water tank exteriors. 27G South Park, San Francisco 7, California 
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and the necessary aqueducts to bring 
in a republican supply at only 5 or 6 
cents per 1,000 gal. For 2 cents, in 
other words—or not much more than 
that—republican water, free enterprise, 
competition. What—Price War? 


Ideography, the process by which 
the Japanese communicate with each 
other in writing, gives us an idea of 
why our Oriental friends seem some- 
times to talk so much to say so little. 
At any rate, we have to admit to being 
disappointed when a book ideographed 
as “Laws for Modifying Spirits of the 
Sky” turned out to be strictly a tech- 
nical manual, and then not even as ro- 
mantic a one as Dr. Krick’s formula 
for cloud seeding, but a translation of 
a Trane Co. publication entitled Air 
Conditioning. Disillusioned or not, 


though, we’re wishing right now that 
some of those “Laws” could be passed, 
although it is doubtful if even the 
spirits of the sky could overcome New 
York City heat and humidity. Right 
now with both of them pushing 100, 
certainly there ought to be a law! 


Chemists and microbiologists en- 
gaged in water analysis and treatment 
may be interested in the activities and 
publications of the Society for Water 
Treatment and Examination, a British 
organization whose more than 200 
members come from all over the world. 
Membership in the society is open to 
chemists and microbiologists over 21 
years of age who have had at least 3 
years’ experience in the field. Papers 
presented at meetings held twice a year 


(Continued on page 46 P&R) 


4) For Public Water Fluoridation 


Sodium Silicofluoride—98% 


(Powder) 


Sodium Fluoride—98% 


(Powder or Granular) 
Meet AWWA specifications 


White or tinted blue 
Minimum of dust in handling 
Minimum of storage space 
Available in bags and drums 


The AMERICAN AGRICULTURAL CHEMICAL Co. 


50 Church Street, New York 7, N. Y. 
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CURB STOP 


High quality water service bronze, 85-5-5-5 mix... 
A full line of types and sizes for every need... 
Plugs individually ground in for perfect fit... 
Every stop individually tested... 
Threads interchangeable with those of other 
manufacturers .. . 
Backed by more than 80 years’ experience... 
Conform to all A.W.W.A. standards. 


The same quality is maintained in the complete HAYS line 
of Water Service Products. Send for literature. 


CORPORATION 
STOP 


DUO-STOP 
CORPORATION STOP 
and 
MODEL “B” SADDLE COMBINED 


COPPER METER SETTERS TAPPING MACHINE 


Increasing sales of 
HAYS quality products WATER WORKS PRODUCTS 


enables us to enlorge HAYS MANUFACTURING CO. 


our sales force. Write 
us if you are interested ERIE, PA. 


in selling for HAYS. 
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Your call brings quick delivery from a Jones plant 


CHLORINE service that’s 
only a telephone away 


Call us for Chlorine as you need it, 
and get safe, swift delivery—often 
in just a few hours. 

You can eliminate the high cost and 
nuisance of storing large amounts 
of Chlorine by ordering it as you use 
it. There are seven Jones Company 
plants conveniently located across 
the U.S. ready to supply you— 
whether you want 16-, 105-, 150-lb. 
cylinders or 1-ton tanks. 

Quality of Jones Chlorine is un- 
excelled meets all rigid govern- 
ment specifications. 

Learn yourself why Jones sup- 
plies more municipalities in the U.S. 
than any other Chlorine packer. We 
will be glad to review your contract 
requirements at any time. Call or 
write for information. 
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in England are published, with dis- 
cussions and authors’ replies, in 


semiannual Proceedings available to 
nonmembers at 10s 6d per copy. In- 
quiries should be addressed to: A. W. 
H. McCanlis, 41 Carshalton Rd., Sut- 
ton, Surrey, England. 


Louis R. Howson, senior partner 


| of the consulting firm of Alvord, Bur- 
| dick & Howson, Chicago, has been 
| nominated for president of ASCE and 


will take office this fall. Long promi- 


| nent in AWWA affairs, he was presi- 
| dent in 1942 and is, of course, cur- 


rently chairman of the AWWA 


| Committee on Water Works Practice, 
| a post he has ably filled since 1947. 


Two other professional-society ap- 


| pointments also made news last month. 


American Welding Society has named 
Fred L. Plummer national secretary, 
succeeding Joseph G. Magrath, who 
resigned. Director of engineering for 
Hammond Iron Works, Warren, Pa., 
since 1940, Mr. Plummer served two 
terms as AWS president, holding of- 


fice from 1952 through 1954. Oscar 
B. Schier II, deputy secretary of 
ASME, has been designated secretary- 
elect of that organization, to replace 
the retiring Clarence E. Davies. Mr. 


Schier has been an ASME staff mem- 
ber since 1946. 


N.Y. TORRANCE, CALIF. 
100 Sunny Sol Bivd. 1904 Border Ave. 
Tele: Colvdenie 84,79,339 Tele: Fairfax 8-6383 


Nevada 6-6795 
INDIANAPOLIS, IND. 
600 Bethel Ave. ole), tnd FLA. 
Beech Grove (Indpls), Ind. ennis St 
Tele: STate 6-1443-1444 Tele: Elgin 4-5503, 6-3321 


CHARLOTTE, N.C. NORTH MIAMI, FLA. 

610 MeNinch St. 14400 N.E. 20th Lane 

Tele: Franklin 6-7790, Tele: North Dade 6-1461 
6-1922 6-1462 


RIVERVIEW, WYANDOTTE, MICH. 
18000 Payne Ave. 
Tele: Avenue 3-0676 


JOHN WILEY JONES CO. 


“All the Water You Need, When 
and Where You Need It!” is appar- 


(Continued on page 48 P&R) 


46 P&R 
1 
she 
| 


Jul. 1957 JOURNAL AWWA 


New O.N. Stevens Filtration Plant af Corpus Christi, Texas 
One of 2 pipe galleries under filter control building, with 42” wash water 
manifold overhead. American Cast Iron Pipe and Fittings. 


New “Push Button” Filtration Plant Uses 
American Cast Iron Pipe 


Many of the operations at Corpus Christi’s new water filtration 
plant are controlled from a central panel in its modern, functional 
filter building. Much of the “‘push-button” control equipment is 
new to the water works field. 

When it came to pipe, designers of this new plant chose a long- 
time favorite of water works men — American Cast Iron Pipe. 
Time-proved, durable American Cast Iron Pipe adds not only the 
assurance of long, trouble-free service life, but also the economy 
and efficiency required by modern plant design and operation. 

Call your American Cast Iron Pipe Company representative 
when your new plant or system is in the planning stage. Exper- 
ienced, capable and cooperative, he can help you effect maximum 
economies in initial and maintenance costs. 


SALES New York e Chicago e« Cleveland e« Denver 
Los Angeles . San Francisco . Kansas City 


OFFICES Dallas Orlando Pittsburgh ¢ Minneapolis 


CAST IRON PIPE CoO. 
BIRMINGHAM 2, ALABAMA 
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ently not getting the kind of reception 
we could hope for in Sverdlovsk, 
USSR—at any rate not so far as hot 
water on Saturday night in Sverdlovsk 
bathtubs is concerned. There Soviet 
authorities and Sverdlovskian bathers 
are engaged in a cold war over the 
amount of hot water to which a com- 
rade is entitled in his weekly tub. 
Cause of this red water trouble, ap- 
parently, is the inability of the Urals 
Machine Works, purveyors of the hot 
water, to supply the demand. And 
cure has been to insert washers that 
restrict the flow, thus, communisti- 
cally, to share the shortage rather than 
overcome it. Some Party poopers are 
apparently defiant to the point of let- 
ting the hot water trickle until the 
tub is full, but even they have to admit 
that things aren’t so hot right now— 
in fact, they say, they may soon stink. 
Of course, there, “all the hot water 
you need” isn’t just a matter of Btu’s 
and pipelines, but of OGPU’s and 
party lines as well. So—‘All the 
Water You Deserve, Next Five-Year 
Plan in Siberia!” 


Connecticut has established a new 
State Water Resources Commission, 
consisting of seven members repre- 
senting various economic and other 
groups particularly concerned with wa- 
ter resources. The commission will 
take over the duties of three former 
state agencies—the State Water Com- 
mission (pollution control), the State 
Flood Control & Water Policy Com- 
mission, and the State Board of Super- 
vision of Dams, Dikes, and Reservoirs. 
Director of the new commission is 
William S. Wise, formerly head of the 
State Water Commission. Warren J. 
Scott will represent the State Dept. 
of Health. 


Sanity engineering was what Cal- 
tech’s Jack McKee was credited with 


professing by the Tustin, Calif., News 
last month in what must be classified 
as one of those Freudian slips, for 
sense is exactly what Jack was pro- 
fessing to the Tustin Lions Club in the 
reported after-luncheon talk. Plug- 
ging for a revision of state health rul- 
ings on reuse of water as a means of 
augmenting available supplies, Jack 
cited such examples as the much re- 
used Ohio River, ten times the normal 
flow of which is used for water supply. 
We don’t know if he mentioned Cha- 
nute, Kan. (January P&R, p. 35), or 
whether he pointed out that even the 
water Californians use has been used 
before, if more remotely, but sanity is 
what Jack was a professor of—which, 
of course, entitles him to teach at a 
menial health institution. 


Eric W. Denholm, engineer of the 
Stirlingshire & Falkirk Water Board, 
Scotland, has been awarded the “Presi- 
dent’s Premium” by the Institution of 
Water Engineers (Great Britain) for 
his paper on automatic operation at the 
Broadside Filter Plant, presented at a 
1956 meeting of the Institution’s Scot- 
tish Section. Mr. Denholm’s paper 
was published in the June 1956 issue 
of Journal AWWA, and also ap- 
peared in the February 1957 number 
of the Journal of the Institution of 
Water Engineers. 


Robert R. Porter is the new presi- 
dent of Keasbey & Mattison Co., Am- 
bler, Pa. Executive vice-president 
since March 1956, he succeeds Ernest 
Muehleck, who has retired. 


John D. Wedeman, formerly chief, 
Water & Sewage Branch, Headquar- 
ters 4th US Army, Fort Sam Houston, 
Tex., has been promoted to assistant 
chief of the Water & Sanitation 
Branch, Office of Chief of Engineers, 
Washington, D.C. 
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The meter used by 
thousands of munic- 
ipalities in the U.S 


“Watch Dog” models 

. . made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 
pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 
LIFE. 


WORTHINGTON - GAMON 


Before you invest in water meters, 
get acquainted with the design and 
performance advantages which 
make Worthington-Gamon Watch 


WORTHINGTON-GAMON 


29% SOUTH STREET, NEWARK 5, NEW JERSEY 
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WATCH DOG 


Dog Water Meters first choice of 
so many municipalities and private 
water companies in the United 
States. 


METER DIVISION 


Worthington Corporation 
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US 
d 
le 
of 
| : 
il | 
= 
d 
a 
— 
| 
| 


50 P&R 


TRANSITE 
FILTER BOTTOMS 


NON-CLOGGING PORTS 


Transite filter bottoms are specially 
designed so that the ports cannot be 
blocked by gravel, closed by expan- 
sion, or enlarged. The flow re- 
mains constant and continuous and 
the backwash uniform. Highly 
practical filter bottom easily re- 
moved for inspection and quickly 
relaid. 


The construction is strong—dura- 


ble—and simple. Transite filter 
bottoms have been designed and 
tested to withstand a load of 5,000 
Ibs. per sq. ft., insuring a safety 
factor of over 4X. Field assembly 
requires a screwdriver and about 
five minutes per plate. 


Write For Literature 


FILTRATION 


EQUIPMENT 


CORPORATION 


271 HOLLENBECK ST. 
ROCHESTER 21, N. Y. 
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Plastic pipe installation, application, 


| and specifications are covered in a cata- 


log of Orangeburg SP Plastic Pipe, made 
from a recently developed polyethylene 
resin. Copies of Catalog 401 are avail- 
able from Orangeburg Mfg. Co., Orange- 
burg, N.Y. 


Relief and back-pressure valves for 
handling corrosive liquids are described 
in Bul. 357 (4 pages) issued by Milton 
Roy Co., 1300 E. Mermaid Lane, Phila- 
lelphia 18, Pa. 


An automatic valveless filter which 
can be used wherever gravity flow is 
feasible, and which is said to eliminate 
or minimize instrumentation, manpower, 
and maintenance costs, is the subject of 
an 8-page bulletin obtainable from The 
Permutit Co., 330 W. 42nd St., New York 
36, N.Y. 


Dorr-Oliver pumps for chemical proc- 


| essing are illustrated and described in a 


20-page general bulletin, “Application 
Engineering,” available from the com- 
pany at Barry Place, Stamford, Conn. 


Measuring and control equipment 
made by Simplex is described in detail in 
an illustrated 36-page catalog, Bul. 005, 
issued by Simplex Valve & Meter Co., 
Lancaster, Pa. 


Chemicals produced by Reilly Tar & 
Chemical Corp. are listed and described 
briefly in the “Reilly Chemical Index,” an 
8-page catalog available from the com- 
pany at Merchants Bank Bldg., Indi- 
anapolis 4, Ind. 


(Continued on page 52 P&R) 
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(ITH CELITE DIATOMITE FILTRATION 
OU CAN GET CRYSTAL CLEAR WATER AND... 
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An actual installation by Johns-Manville estab- 
lished that a Celite* filter station can be con- 
structed for 55°% of the cost of a comparable 
sand filter plant.T 

Diatomite systems not only cut costs, but, under 
comparable conditions, they also improve water 
clarity. For with Celite, turbidity is usually lower 
since more suspended impurities, including all floc, 
amoebae and algae, are removed. In fact in some 
cases, turbidity is so low it can’t be measured. 

Diatomite systems save space, too. To deliver 
the same installed capacity requires a sand filter 
plant 4 times as big. 

Mined by Johns-Manville at the world’s largest 
and purest commercial diatomite deposit, Celite is 
carefully processed for purity and uniformity. It is 
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available in a wide range of grades to deliver the 
best practical balance of clarity and flow rate with 
any suitable filter. For further information see 
your nearby Celite engineer or write for free tech- 
nical reprints and illustrated brochure to Johns- 
Manville, Box 14, New York 16, N. Y. In Canada, 
Port Credit, Ontario. 


Celite filter aids are composed of 
microscopic, irregulariy-shaped 
particles like these. 90°, of a given 
quantity of Celite is composed of 
countless channels and voids that 
trap the finest impurities while per- 
mitting the free passage of clear 
liquid. 


*Celite is Johns-Manville’s registered trade mark for its diatomaceous 
silica products. tSee Comparison Studies of Diatomite and Sand 
Filtration by G. R. Bell, Journal American Water Works Association, 
September, 1956, or write for free reprint. 


4 Johns-Manville CELITE Filter Aids 
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Carbonation units for plants of 2-mgd 
capacity or less are described in Bul. 
7W88 (6 pages), issued by Walker Proc- 
ess Equipment Inc., Box 266, Aurora, Ill. 
These package systems, with capacities 
ranging from 55 to 660 lb of CO, per 
day, operate on methane or propane gas. 


‘The Road Ahead’ is the title of a 24- 
page booklet giving facts and figures on 
the superhighway program recently au- 
thorized by Congress. Copies may be ob- 
tained from Advertising Div., Caterpillar 
Tractor Co., Peoria, Ill., or from local 
Caterpillar dealers. 


Main disinfection data, including a 
nomogram simplifying flow and dosage 
calculations, are given in Keep Sheet 
12A, available from Proportioneers, Inc., 
Div. of B-I-F Industries, 345 Harris 
Ave., Providence, 


A slide calculator for pipe friction 
losses is offered by Allis-Chalmers. Re- 
quests for the 9} X 4-in. pocket calculator 
should be made, on official letterhead, to 
Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wis. 


Steel water pipeline installations are 
illustrated and described briefly in an 
8-page brochure, entitled “Steel Water 
Pipe . . . Economical to Install, Eco- 
nomical to Maintain,” prepared by Steel 
Plate Fabricators Assn., 79 W. Monroe 
St., Chicago 3, IIl. 


Rockwell meters, regulators, and valves 
are covered, with specifications and pho- 
tographs, in a revised, condensed, 28-page 
catalog (C-5000, Rev. 8) which may be 
obtained from Meter & Valve Div., Rock- 
well Mfg. Co., 400 N. Lexington Ave., 
Pittsburgh 8, Pa. 


M1—WATER RATES 


setting up schedules. 


M2—PUBLIC RELATIONS 


members paying in advance, $1.20. 


M3—SAFETY 


plant, office, and field. 


or more, $1.00 per copy. 


AWWA Manual Series 


Do you have all three of these useful guides, each dealing comprehen- 
sively with an important aspect of water works practice? 
handy 6 x 9-inch format, attractively bound in distinctive, stiff-paper covers. 


Procedures for determining desirable amounts of 
revenue, classifying costs, allocating expense, and 
Appendixes include classic papers on rates and 
charges. 64 pp. Price, $1.25; to members paying in advance, $1.00. 


Practical, “how to do it” information on effec- 
tive talks, personnel relations, school pro- 
grams, publicity, advertising, and plant beautification. 
of facts and ideas for water works speakers. 


The details—in words and pictures—on safety measures 
and practice for every phase of water works operation in 
Indexed for ready reference. 
to members paying in advance, $1.20; to members ordering quantities of 25 


American Water Works Assn., 2 Park Ave., New York 16, N.Y. 


Published in 


With an appendix 
152 pp. Price, $1.50; to 


128 pp. Price, $1.50; 


- 
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WITH “O” RING SEAL 


“©” Rings replace conventional packing and re- 


duce maintenance to a minimum. The lower “O” 
Ring is the pressure seal, the upper “O” Ring the 
dirt seal. The specially compounded rubber plas- 
tic “O” Rings do not deteriorate and insure a 
long life pressure seal. 


All Smith Valves can be equipped with “O” Ring 
Seal Plates. Write for details. 


THE A.P. SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY 


a 
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Professional Seruices 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 


Water, Sewage, Industrial Wastes and Incineration 
Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industria! Buildings 
Investigations, Reports, Appraisals and Rates 


Three Penn Center Plaza Philadelphia 2, Pa. 


BOGERT and CHILDS 


Consulting Engineers 


Cumton L. Bogert Frep 8. 

Ivan L. Bocert Donatp M. Ditmars 

Ropert A. Lincotn CHARLES A. MANGANARO 
Martin 


Water & Sewage Works Refuse Disposal 
Drainage Flood Control 
Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y. 


ALVORD, BURDICK & 
HOWSON 


Engineers 


Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


Bowe, Albertson & Associates 


Engineers 


Water and Sewage Works 
Industrial Wastes—Refuse 
Disposal—Municipal Projects 
Industrial Buildings—Reports 
Plans—Specifications 
Supervision of Construction 
and Operation— Valuations 
Laboratory Service 


New York 6, N.Y. 


75 West Street 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louts E. Ayres Rosert Norris 
Georce E. Lewis Donap C. May 
Stuart B. Maynarp Homer J. Harwarp 


Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


BROWN AND CALDWELL 


Civil and Chemical Engineers 


Water—Sewage—Industrial Waste 
Consultation— Design—Operation 
Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 


BLACK & VEATCH 


Consulting Engineers 
1500 Meadow Lake Parkway, 
Kansas City 14, Missouri 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Suppty—Sewace Disposat— 
Hypravtic DeveELopMENTS 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 E. 19th Se., New York 3, N. Y. 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 


Engineers and Chemists 


Complete Laboratory Services 
700 S. B. 3rd Se. 


Water, Sewerage, Hydrology, Waste Treatment 


Gainesville, Fila. 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 


Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 
2015 W. Fifth Ave. Columbus 12, Ohio 


/ 


PROFESSIONAL SERVICES 


Professional Services 


BURNS & McDONNELL 


Engineers—Architects—Consultants 


Phone 
DElmar 3-4375 


Kansas City, Mo. 
P.O. Box 7088 


CHAS. W. COLE & SON 
Engineers—Architects 


Sewerage, Water Supply, Bridges, 
Highways, Toll Roads, Industrial, Municipal 
and Commercial Buildings 


220 W. LaSalle Ave. South Bend, Indiana 
Central 4-0127 


AMES M. CAIRD 
J Established 1898 
C. E. Curron, H. A. Bennerr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y. 


CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply—Sewerage 

Flood Control & Drainage—Bridges 


Ornamental Street Lighting— Paving 
Light & Power Plants—Appraisals 


360 E. Grand Ave. Chicago 11 


CAMP, DRESSER & McKEE 


Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


Cotton, Pierce, Streander, Inc. 
Associated Consulting Engineers 

E. R. Cotton P. B. Streander 

G. A. Gieseke H. G. Damon 
I. J. Silverstone 

Water Supply, Water Purification 
Sewerage, Sewage Treatment 

Refuse Disposal 


132 Nassau Street 55 Caroline Road 
New York 38, N.Y. Gowanda, N.Y. 


CAPITOL ENGINEERING CORP. 


Consulting Engineers 


Water Works, Sewage Disposal, Airports, 
Dams and Bridges, Roads and Streets, 
Planning, Design and Surveys. 


Pa. 


Rochester, N. Y. Dallas, Texas 


DE LEUW, CATHER & COMPANY 


Consulting Engineers 


Public Transit 
Traffic & Parking 
Expressways 
Grade Separations 
Urban Renewal 


150 N. Wacker Drive, Chicago 6 
San Francisco T to Oklah City 


Subways 

Railroad Facilities 
Industrial Plants 

Municipal Works 

Port Development 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuations—Rates— Management 
Laboratory—City Planning 
601 Suismon Street 
Pittsburgh 12, Penna. 


Fay, Spofford & Thorndike, Inc. 
Engineers 
Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment 
Airports — Bridges — Turnpikes 


Investigations Reports Valuations 
Designs Supervision of Construction 


Boston, Massachusetts 
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FINKBEINER, PETTIS & STROUT 


Carueton 8. E. Perris 
Harotp K. Strout 


Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 


Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


Toledo 4, Ohio 


518 Jefferson Avenue 


Professional 
Seruices 


FREESE & NICHOLS 


Fort Worth, Texas 


FREESE, NICHOLS & TURNER 
Houston, Texas 


Industrial and Municipal Engineering—Water 
Supply and Purification—Sewerage and Indus- 
triat Waste Treatment—Highways and Struc- 
tures — Dams — Drainage Works — Airports— 
Investigations—Valuation—Design and Super- 
vision. 


GREELEY AND HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


220 S. State Street, Chicago 4 


FROMHERZ ENGINEERS 


Structural—Civil—Sanitary 
Four Generations Since 1867 
Water Supply ; Sewerage; Structures; 
Drainage; Foundations 


Investigations; Reports; Plans and 
Specifications ; Supervision 


New Orleans 


WILLIAM F. GUYTON 
& ASSOCIATES 
Consulting Ground- Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 
307 W. 12th St. 3301 Montrose Blvd. 


Austin 1, Texas Houston 6, Texas 
Phone: GR-7-7165 Phone: JA-2-9885 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 
Water Works—Sewerage 
Industrial Wastes—Garbage Disposal 
Roads—Airports—Bridges—Flood Control 
Town Planning—Appraisals 
Investigations & Reports 


Iphia, Pa. 


Harrisburg, Pa. 
Pittsburgh, Pa. 


FRANK E. HARLEY, C. E. 


Consulting Engineer 


Water Supplies, Highways 
Municipal Problems 


260 Godwin Ave. 
Wyckoff, N.J. 


GARRITY & MOSHER 


Engineers 
Leo V. Garrity L. W. Mosher 


Municipal and Industrial Water and 
Sewage Works 
Water System Analyses 
Tunnels and Foundations 
Reports, Designs, Plans and Specifications 


14050 W. McNichols Rd. Detroit 35, Mich. 


HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 


Water—Sewage & Industrial Wastes— 
Hydraulics 
Reports, Design, Supervision of Construction, 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 


Glace & Glace, Inc. 
Civil and Sanitary Engineers 


Water Supply, Purification and Distribution, 
Dams, Sewerage, Sewage and Industrial 
Waste Treatment 
Investigations, Reports, Designs 
Supervision of Construction and Operation 


1001 North Front Street, Harrisburg, Penna. 
Wash., D.C.—Easley, S. C.—Tallahassee, Fla. 


HAVENS & EMERSON 
W. L. Havens A. A. BurGcer 
J. W. Avery H. H. 
F. 8. Pauocsay E. 8S. Ornpway 
F. C. Totes, Consultant 
Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations—Laboratories 


Woolworth Bidg. 
NEW YORK 7 


Leader Bidg. 
CLEVELAND 14 


| 
Daytona Beach, Fla. 
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HAZEN AND SAWYER 


Engineers 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 
Reports, Design, Supervision of 
Construction and Operation 

Appraisals and 


122 East 42nd Street 
New York 17, N.Y. 


3333 Book Tower 
Detroit 26, Mich. 


HARRY J. KEELING 


Consulting Engineer 
Electrical— Mechanical—Corrosion 


Investigations—Reports——Advisory Service 
Mobile radio communication systems ; 
Special mechanical design problems ; 
Soil corrosion, Electrolysis, 
Cathodic protection 
of buried or submerged metal surfaces. 


Los Angeles 35, Calif. 


1718 Livonia Avenue 


ANGUS D. HENDERSON 


Consulting Engineer 
Water Supply and Sanitation 


330 Winthrop St. 
210-07—-29th Ave. 


Westbury, New York 
Bayside, New York 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


Ricuarp R. Kennepy Rosert M. Kennepy 
Investigation— Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


604 Mission St. San Francisco 5 


Consulting Engineers 
W. W. Horner E. E. Bloss V. C. Lischer 
Water Supply—Airports—Hydraulic Engineer- 
ing—Sewerage—Sewage Treatment— Munici- 
pal Engineering— Reports 


Shell Building St. Louis 3, Mo 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


175 W. Jackson Bivd. 
Chicago 4, Ill. 
and Principal | Mfg. Centers 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Eighth St. Los Angeles 5, Calif. 


THE JENNINGS-LAWRENCE CO. 


Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Avenue Columbus 12, Ohio 


R. E. LAYTON & ASSOCIATES 
Consulting Engineers 


Hydraulic Structures 
Water Supply-Storage—Distribution 
Industrial and Domestic Waste Disposal- 
Drainage 
Investigations, Reports, Plans, and 
Specifications 


655 West Avenue 135th 
San Leandro, California 


JONES, HENRY & 
WILLIAMS 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 


Salt Water Problems 
Investigations 
Reports 


New York 17, N. Y. 


Water Supply 
Dewatering 
Recharging 


531 Fifth Avenue 
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METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 


Airports Valuations 
Laboratory 


Statler Building 
Boston 16 


THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


JAMES M. MONTGOMERY 


Consulting Engineer 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design—Operation 


535 E. Walnut St. Pasadena, Calif. 


LEE T. PURCELL 
Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision o 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


Nussbaumer, Clarke & Velzy, Inc. 

Consulting Engineers 

Sewage Treatment—Water Supply 
Incineration— Drainage 

Industrial Waste Treatment 
Appraisals 
327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


Engineers and Architects 
Sewers and Sewage Treatment 
Water Supply, Treatment and Distribution 
Investigations, Reports, Plans 
Supervision of Construction and Operation 


111 N. E. 2nd Ave , Miami 32, Florida 
1025 Connecticut Ave. N. W. 
Washington 6, D. C. 
Apartado 4356 (Estacién Exposicion) 

Panama City, 


THE H. C. NUTTING COMPANY 
Testing Engineers—Inspection Service 
Foundation Investigation—Test Borings 
Soil Mechanics—Sewage Flows—<Analysis 
Construction Control—Soil—Concrete 
Bituminous Pavements—Water Waste Survey 
Specifications—Consultations 


Cincinnati 26, Ohio 


4120 Airport Rd. 


THOMAS M. RIDDICK 
Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 
MOrt Haven 5-2424 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — Transportation 
51 Broadway New York 6, N.Y. 


MALCOLM PIRNIE ENGINEERS 


Civil & Sanitary Engineers 


Rosert D. Mitcuett Cart A. ARENANDER 
Ma Pirnte, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


New York 36, N. Y. 


25 W. 43rd St. 


RIPPLE & HOWE, INC. 


Consulting Engineers 
O. J. V. A. VAsSEEN B. V. Howse 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
nts, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833—23rd St., Denver 5, Colo. 


RUSSELL & AXON 
Consulting Engineers 
Civil—Sanitary—Structural 


Industrial—Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 
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Serices 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High Se. 2060 E. 9th St. 
Columbus, Ohio Cleveland, Ohio 


J. HOMER SANFORD 
Consuiting Engineer—Hydrologist 
37 Years of Groundwater Investigation 
Groundwater Development, Recharge, 
Dewatering and Salt Intrusion 
Analysis of Available Supply and Safe Yield 
Litigation Reports and Testimony 


1143 E. Jersey Street Blizabeth 4, N. J. 


J. 8. Watkins G. R. Watkins 
Consulting Engineers 

Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 East High Street Lexington, Kentucky 

Branch Office 
4726 Preston Highway, Louisville 13, Kentucky 


SCHAEFER & WALTON 
Consulting Ground- Water Hydrologists 
Investigations, Reports, Advice 
on 
Ground Water Development, Induced 


Infiltration From Surface Streams, 
Artificial Recharge, Dewatering. 


16 Leland Ave. Telephone 
Columbus 14, Ohio AMherst 8-3316 


R. KENNETH WEEKS 


ENGINEERS 
Designers Consultants 
Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 
Supervision of Construction 


Streets and Highways 
6165 E. Sewells Point Road, Norfolk 13, Va. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment. 
Reports, Designs, Supervision of Construction 
and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


SMITH AND GILLESPIE 


Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 


JACKSONVILLE, FLORIDA 


WHITMAN & HOWARD 


Engineers 
(Est. 1869) 


Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 

Problems 


89 Broad St. Boston, Mass. 


STANLEY ENGINEERING 
COMPANY 
Consulting Engineers 


Hershey Building 208 S. LaSalle St. 
Muscatine, Ia. Chicago 4, Ill. 


WHITMAN, REQUARDT 
& ASSOCIATES 
Engineers Consultants 


Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans 
Supervision, Appraisals 


1304 St. Paul St. Baltimore 2, Md. 
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TIME-SAVING COMBINATION 
CTOR-PIPE LOCATOR 


Electronic Witch Combination 


You're looking at the much-talked-about 
NEW M-Scope ... the only dual-purpose that 
detects leaks and locates pipe. Its rugged, 
highly efficient electronic circuit, plus ease 


For greatest convenience and reliability, the 
M-Scope MASTER is equipped with a 


of use and portability, make this instrument 
one of the most welcome contributions to 
the water works industry. 


ONE MAN 
OPERATION 


LOCATING 
A SERVICE 


built-in battery tester for instant checking 
of battery condition in the field or elsewhere. 


WRITE TODAY FOR SPECIFICATIONS AND PRICE! 


PIPE LINE EQUIPMENT 


POLLARD 


PIPE LINE EQUIPMENT 


PIPE LINE EQUIPMENT 


If it's from POLLARD 
NEW HYDE PARK * 


Bronch Offices: 


Place your next order with POLLARD 


it's the Best in Pipe Line Equipment 


NEW YORK 


964 Peoples Gas Building, Chicago, Illinois 
333 Candler Building, Atlanto, Georgia 
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CONDENSATION 


Vol. 49, No.7 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May ’°47) indicates 


volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May '47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr.—Corrosion; IM—Institute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 
Water Pollution Abstracts (Great Britain). 


DISINFECTION 


Retention of Disinfectant Activity in the 
Presence of Hard Water. E. KRavitz & 
R. L. SrepMan. Appl. Microbiol., 5:34 
(57). Representative phenolic and quater- 
nary ammonium disinfectants were added to 
water of moderate hardness (equiv. to 328 
ppm CaCOs), and antibacterial activity detd. 
on a mixt. of Micrococcus pyogenes var. 
aureus, Salmonella schottmuelleri, and Tri- 
chophyton interdigitale. Antibacterial activi- 
ties were not significantly affected—CA 


A Comparison of the Bactericidal Activity 
of Ozone and Chlorine against Escherichia 
coli at 1°. R. H. Ferner & R. S. INGOLs. 
J. Gen. Microbiol., 15:381 (’56). Bacteri- 
cidal effects of ozone solns. were tested 
against Escherichia coli suspensions at 1°, 
and lethal concn. was found to be that quant. 
of ozone necessary to produce detectable res- 
idue in suspension; under conditions of 
expts. this was 0.4-0.5 mg/l. Comparison of 
bactericidal activity of chlorine under similar 
conditions emphasized different modes of 
action of 2 agents—PHEA 


The Effect of Water Hardness and Tem- 
perature on Water Sterilization by Mix- 
tures of Detergents and Quaternary Am- 
monium Compounds. C. M. Cousins & 
L. F. L. Crece. J. Appl. Bacteriol., 19:250 
(56). 6 quaternary ammonium compounds 
(QAC) detergent mixt. and the QACs alone 
were tested for bactericidal efficiency in hard 
and distd. water, using FE. coli as test or- 
ganism, contact times of 1, 2 and 5 min and 
temps. of 5, 10 and 17°. Efficiencies of un- 
formulated QACs were dissimilar. With 
all, 200 ppm in hard water was less efficient 
than 50 ppm in distd. water. Efficiencies of 
the QAC detergent mixt. were not related to 
that of pure QAC, efficiency of QAC being 


increased by 1 detergent formulation and de- 
creased by another. All materials were least 
efficient at 5°.—PHEA 


The Problem of Disinfection of the Vienna 
Water Supply. F. Doscu. Mitt. Osterr. 
Sanitatsverw., No. 81 (’55). As both spring 
water sources of Vienna water supply occa- 
sionally contain more than 100 coliform or- 
ganisms per 100 cc. and have bact. count of 
more than 1,000 per cc., chlorination in reser- 
voirs, which was begun in 1945, must be 
continued. Account is given of problems 
presented by 2 spring supplies. As there is 
certain regularity in bact. conditions of wa- 
ter, flexible control of chlorination is possible. 
—WPA 


The Use of Filters to Produce Sterile 
Water. C. J. McCarrrey & M. I. Cornisu. 
Med. J. Australia, 1:828 (’56). Method of 
Seitz filtration has been adopted for produc- 
ing sterile water for use in operating theatre 
at Royal Newcastle Hospital, Newcastle, 
New South Wales. Industrial filter unit 
was modified for purpose and bact. grade 
(D 9) filter pads used exclusively. Filter 
press may be operated with 2, or any multi- 
ple of 2, pads. Local water supply had sus- 
pended solid content of 7 ppm, but with 
pressure of 30 psi and 4 pads, convenient flow 
of 1 gpm was obtained. Local water supply 
contained 10-89 organisms per ml, and it 
was estimated that there was wide margin of 
safety between actual number of organisms 
to be removed and theoretical filtering capac. 
of filter. Examn. of samples taken after 6, 
12, 24 and 48 hr. continuous running of filter 
showed them to be sterile. In practice filter 
is changed every 24 hr. Filter method has 
following advantages: [1] flexibility—simple 
to install, at low cost, to any water point, 
either hot or cold; [2] it is cheaper than 
steam condensate method; [3] it ensures 
sterile water—BH 


(Continued on page 66 P&R) 
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OMAHA Butterfly Valves 
are key to compact piping 


This ultra-compact arrangement of three 
60 inch valves could only be made with 
Butterfly Valves. The illustration shows 
the narrow face-to-face dimensions 
(only 15”) and the compactness of the 
valve-operator assemblies. What you 
can't see is equally important! The rug- 
ged internal construction—the rubber 
seat that is never under severe pressure 
from the valve disc, only partially dis- 
placed during closure... features that 
mean years of easy operation without 
maintenance problems or costs. 


Pratt originated the Rubber Seat But- 


HENRY 


JOURNAL AWWA 


. Butterfly Valves in 
presedimentation 
basin piping of the _ 
Florence Water Treat-. 
ment Plant, Omaha, 
Nebraska. Engineers: 
Burns and McDonnell. _ 


terfly Valve and has installed more of 
them than any other manufacturer. 


For valve design with a 50 year repu- 
tation for practical imagination, see 
Henry Pratt. 


NEW! Latest, most accu- 
rate pressure drop and 
flow data, conversion 
tables, discussion of 
butterfly valve theory 
and application plus 
other technical in- 
formation. 

Write for Manual B-2C. 


RUBBER SEAT 


Butterfly 


Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in principal cities 
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The Effect of Free Available Chlorine on 
Bacteria and Bacterial Viruses. L. Fri- 
BERG & E, HaAm™MarstromM. Nord. Hyg. 
Tidskr., 37:1 (’56). Study was made of 
effect of free available chlorine on bacteria 
and bacteriophages in water. At pH 7.2 
and temp. of 6°C, exposure for 1 min to a 
concen. of 0.025-0.05 chlorine effected a 
thousandfold reduction in number of ty- 
phoid, sonnei, and coliform bacteria, but 
concn. of 0.10-0.15 mg was necessary to 
effect same reduction in numbers of Sa/mo- 
nella typhimurium, Strep. faecalis, and 
Staphylococcus aureus. The coliform, son- 
nei, and typhimurium phages were reduced 
thousandfold by concn. of 0.04-0.07 mg/1 free 
chlorine. Efficiency of chlorine in reducing 
numbers of bacteria and phages increased 
with decrease in pH value and increase in 
temp.—WPA 


The Use of Ion-Exchange Resins to Re- 
duce the Bacterial Content of Water. G. 
Rovar. Igiene Mod. (It.), 49:580 (’56). 
Ion-exchange resin was tested to see if it 
could reduce bact. content of water. As it 
contained both anion and cation resin these 
were tested separately, and were then com- 
bined in proportions of 2:1 against tap wa- 
ter artificially infected with coliform or- 
ganisms. After filtration, samples were 
transferred to agar and also washings from 
resin immediately after filtration. From 
tables it can be seen that filtration had effect 
of reducing bact. content to about 2.5% of 
original. In another series of expts. water 
from shallow well was filtered through both 
anion and cation resins and also through 
sand granules of which were of same diam. 
as those of resin (1 mm.), idea being to det. 
whether diminution in bact. count was due 
to filtration per se or whether properties of 
resin itself were also important. Filtration 
through sand gave much less satisfactory 
results. In final series of expts. chem. tests 
for hardness and chlorides were carried out 
after filtration of up to 6 1. of water arti- 
ficially infected. Hardness was not detected 
until 4 1. had been filtered, and chlorides 
which appeared at same time were rather 
less in expt. when proportion of cationic to 
anionic resin was 2:1. Author concludes 
that of 2 cationic resin was more efficient 
but that filtration of water through synthetic 
resins is very different from filtration through 
sand, not only from chem. but also from 


microbiological point of view. Thickness of 
sand filter is not stated, nor time taken in 
filtration —BH 


FILTRATION 


Sand Filtration Studies With Radiotracers. 
D. R. Stanrtey. Proc. Am. Soc. Civil 
Engrs., No. 592 (’55). App. and method 
used in investigations, under controlled lab. 
conditions, of factors affecting penetration of 
floc into and its removal from water in rapid 
sand filters are described. Radioactive iodine 
(I'**) was used as tracer for ferric oxide 
floc, and concn. in filter of gamma radio- 
activity absorbed in floc was detd. with 
Geiger tube connected to scaler. Calc. of 
parameters relating to concn. of floc in sand, 
depth of penetration of floc, and increase of 
head loss in filter are discussed. Results 
are given, with appended graphs, of influence 
of such factors as conen. of floc and floc par- 
ticle size, hydrogen ion and other ion concn. 
in suspending water, size of sand particles 
and rate of flow of applied water on penetra- 
tion index, defined as penetration in cm 
caused by passage into filter of 1 mg of iron 
per sq cm of filter area. Special tests made 
to study fundamental mechanisms involved in 
rapid sand filtration process are discussed.— 


WPA 


Pressure Tank Filter Doubles Capacity. 
Chem. Eng., 63:250 (’56). New high-rate 
pressure filter is described and illustrated. 
It has been found capable of operating at 
rate of 1-5 gal per sqft per min. App. com- 
prises rectangular filter leaves suspended 
from slotted plate within closed tank sur- 
mounted by dome. Water enters at bottom 
of tank, passes through leaves, depositing 
suspended solids on precoated surface, and 
flows upwards within leaves to dome where 
it is dischgd. through opening near top of 
dome. Any entrained air or gases which 
rise into dome are bled off through relief 
port. Leaves are backwashed when neces- 
sary by reversing flow. Unit is available 
in only 1 size, with capac. of 310 sq ft-—-WPA 


Head Loss Through Filter Beds During 
Backwashing. J. R. Baytis. Pure Water, 
7:102 (’55). Data given relate to head of 
water lost between sand-gravel junction and 
water above sand during backwash periods. 
—PHEA 


(Continued on page 68 P&R) 
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HERSEY MANUFACTURING COMPANY 
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Rapid-Rate Filter Design Criteria. D. E. 
Corvin. Bull. N. Dakota Wat. Wks. Conf., 
24:2 (’56). Design and construction of 
rapid sand filters is reviewed. No outstand- 
ing changes in design have been developed 
over past 20 yr. Author deals with consid- 
erations to be taken into account when de- 
signing rapid sand filters—WPA 


Flow of Water Through Granular Mate- 
rial. A. Prorir. L’Eau (Fr.), 43:161 
(56). Formulae are given for detg. diam. 
of avg. grains of material to be used in sand 
filters —-PHEA 


HYDRAULICS 


Hydraulic Conveying of Solids in Hori- 
zontal Pipes. D. M. Newirt, J. F. Ricu- 
ARDSON, M. Assortt, & R. B. Turtie. Trans. 
Inst. Chem. Engrs. (London), 33:93 (’55). 
Description is given of lab. and pilot scale 
app., and materials and methods used, to 
obtain data for effects of particle size and 
density on head losses in a 1-in. diam. pipe 
over wide range of velocs. and concn. of 
solids. Results show that flow character- 
istics in hydraulic conveying in horizontal 


pipes depend on mean veloc. of flow, concn., 
mean size and density of solids, and on pipe 
diam. Theoretical equations are given relat- 
ing pressure losses along pipe to these varia- 
bles for different types of flow, and data 
obtained from expts. are correlated by these 
equations and applied to design of hydraulic 


conveying installations. Results obtained for 
mixtures of sands of 2 distinct sizes are also 
given and discussed—WPA 


Stream Flow: Polydimensional Treatment 
of Variable Factors Affecting the Velocity 
in Alluvial Streams and Rivers. C. Torses. 
Proc. Inst. Civ. Engrs. (London), 4:900 
(’55). Necessity of polyfactor anal. in de- 
termination of pure influence of variable fac- 
tors affecting mean veloc. in alluvial streams 
and rivers, and basic principles of theory and 
practice of such anal. are outlined. Appli- 
cation of polydimensional treatment to series 
of data, given in tables, to calculate mean 
veloc. of flow is explained. Criticism re- 
ceived from authorities in hydraulics and 
author’s reply to these comments are incor- 
porated in paper—WPA 


Experiments on the Flow of Sand-Water 
Slurries in Horizontal Pipes. R.A. SmirnH. 


Trans. Inst. Chem. Engrs. (London), 33:85 
(’55). Expts. were carried out to determine 
pressure drop when coarse, fine and mixed 
sand-water slurries were pumped at velocs. 
ranging from 3 to 8 fps through horizontal 
pipes 2-in. and 3-in. in diam. Exptl. installa- 
tion is described and shown diagrammati- 
cally; results are expressed graphically and 
discussed in relation to Moody’s correlation 
for pressure drop in straight pipes and to 
other published data. It is concluded that 
Moody’s correlation is only applicable to 
closely sized particles and an approximation 
is suggested for determining the equiv. par- 
ticle diam. Pressure characteristics of cen- 
trifugal pump show that its efficiency of 
handling slurry falls only slightly with in- 
creasing concn. of slurry—WPA 


Correlations for Use in Transport of 
Aqueous Suspensions of Fine Solids 
Through Pipes. K. E. Speirs. Trans. 
Inst. Chem. Engrs. (London), 33:79 (’55). 
Exptl. data derived from literature on flow 
through pipes, usually horizontal, of settling 
slurries consisting of mixtures of fine solid 
particles with water, have been collected. 
Dimensional anal. has been applied to obtain 
correlations for both min. and std. velocs. in 
terms of particle size, particle density, fluid 
density, slurry density and pipe diam., and 
these equations are discussed in relation to 
shape, size and behavior of particles, and 
pipe roughness and direction —WPA 


Some Effects of Upland Discharge on 
Estuarine Hydraulics. H. B. 
Proc. Am. Soc. Civil Engrs., No. 792 (55). 
Author discusses degree of stratification of 
fresh water and salt water in different types 
of estuaries. Where there is significant 
stratification magnitudes, directions, and du- 
rations of currents near surface are appre- 
ciably different from those near bottom. 
Normally in stratified estuary net movement 
seaward at surface of water is greater than 
at bottom. Author concludes from consid- 
eration of data from several estuaries that 
rough prediction can be made of degree of 
stratification by considering flow of fresh 
water into estuary and mean tidal prism (de- 
fined as vol. of water flowing into estuary 
from sea during avg. flood tide period). 
Where ratio of vol. of fresh water in tidal 
cycle of about 12-24 hr., to mean tidal prism, 
is of order of 1.0 or more, estuarine water 
will normally be highly stratified. Where 
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WE CERTIFY 


AWWA QUALITY VALVES & HYDRANTS 


M & H welcomes the suggestion of the American 
Water Works Association to certify the quality of 
products made to conform to current AWWA speci- 
fications. This is a matter of importance to the water 
works industry. For the present, the procedure is 
voluntary; nevertheless the program as such will 
reflect a valuable contribution to users of water 
works materials. 

All M & H products listed as AWWA standard 
(either valves or hydrants) are made in strict com- 
pliance with latest AWWA specifications. 

M &H products have been developed through many 
years of research in engineering, design, foundry prac- 
tice and water works operation. This Company’s 
greatest asset today is the confidence of engineers in 
the quality and high standards of its products. 
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ratio is of order of 0.25 it will be partly 
mixed; and where ratio is appreciably less 
than 0.1 there will be no significant stratifica- 
tion. Author suggests that positions in es- 
tuary at which net deposition of solid matter 
will gcecur can be predicted from study of 
current velocs. at surface and bottom. In 
unstratified estuary deposition may occur 
anywhere throughout the length of estuary 
where local conditions of water movement 
(such as eddying) favor it. In a well strati- 
fied estuary net upstream movement of water 
near bottom is greatest at seaward end; at 
landward end net movement at all depths 
will be seaward. At some point between 
these positions net movement at bottom is 
neither landwards nor seawards and deposi- 
tion will tend to occur immediately upstream 
of this point. Theory is illustrated by refer- 
ence to Savannah Harbor —W PA 


The Flow of Fluids Through Beds of 
Spherical Particles. G. C. A. Peck « S. B. 
Watkins. Industr. Chem. & Chem. Mfr., 
32:122 (’56). Apparatus and technique used 


to study flow of fluids through beds of 
spherical particles in fixed bed and fluidized 
bed regions are described. Effects of initial 
voidage in fixed bed on fluidizing point and 
fluidized region were investigated and motion 
of bed of particles was studied in detail. 
Correlation of data obtained is discussed.— 
WPA 


Measuring Flow in Pipelines by an Aero- 
foil. C. E. R. Sams. Engineering (Lon- 
don), 182:330 (’56). Classical methods of 
flow measurement in pipes by means of orifice 
plates or Venturi tubes involve substantial 
head losses where high flows are involved. 
To overcome this, aerofoil flow meter has 
been developed, which has addnl. advantages 
that cost of installation is low, it can be used 
anywhere in a pipe system, it can be used 
for measuring widely varying flows, and it 
can be readily dismantled for cleaning with- 
out stopping plant. Unit is based on meas- 
urement of pressure difference between up- 
stream tapping in region of undisturbed flow 
and downstream tapping on unit itself, but as 
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On Call... 
fo tell your stery for you! 


Willing Water wants work on or as 
your public relations staff. Let him 
be your spokesman to your customers 
... to your personnel. You'll find him 
a master of the art of putting across 
your ideas ... of soliciting co-operation 
... Of establishing good will. Call him 
up... put him to work on your public- 
ity, your signs, your bulletins, your 
bills, your reports... you'll find him 
ready, able and, of course, willing. 

Low-cost blocked electrotypes or 
newspaper mats, 59 different poses, 
are immediately available to you. 
Write now for a catalog and price 
list to: 


WORKS ASSOCIATION 
New York 16, New York 


AMERICAN WATER 


2 Park Avenue . 
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To meet special requirements, 
Crane now makes A.W.W.A. 
valves with two additional modi- 
fications. One is all-bronze internal 
parts. The other is double ‘O”’ 
ring stuffing boxes as an alternate 
to conventional stuffing box. 
The basic design of Crane 
A.W.W.A. valves—with free-to- 
rotate disc assembly—has never 
been surpassed for ease of opera- 
tion, positive seating, and low 
maintenance. With or without the 
new modifications, Crane 
A.W.W.A. valves are the most 
economical for any municipality. 


SPREADERS 


No. 480-'4-BD hub-end valve. 
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New CRANE A.W.W.A. Valves 
give you a wider selection 


SEAT RINGS 


CRAN vatves & FITTINGS 


PIPE PLUMBING KITCHENS HEATING AIR CONDITIONING 


Since 1855 — Crane Co., General Offices: Chicago 5, Til. 
Branches and Wholesalers Serving All Areas 
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UPPER “O” RING 
SEALS OUT DIRT 


LOWER "O” RING 
SEALS INTERNAL 
PRESSURE 


NOW—CRANE A.W.W.A. Valves 
with "O” Ring Stuffing Boxes 


Prefer “‘O”’ ring stuffing boxes to the con- 
ventional type? Order them from Crane. 
Two Buna-N “O” ring seals are used. 
Lower ring seals in the internal pressure; 
upper ring is an external dirt seal and 
reserve pressure seal. Crane A.W.W.A. 
non-rising stem valves with ‘‘O”’ ring 
stuffing boxes are available with hub, 
flanged and mechanical joint ends—in 
all sizes from 2” to 12”. 


Crane’s answer to corrosive water 
problems—all-bronze 
internal parts 


Where required because of unusual water 
conditions, Crane A.W.W.A. valves with 
all-bronze internal parts—body rings, discs, 
upper and lower spreader, gland and 
““Ni-Vee’’* Type A stem—are available. 
With hub, flanged and mechanical joint 
ends—in all sizes from 2” to 12”. 


For complete information about Crane A.W.W.A. valves, 
write your Crane Representative. Or send for Circular 2108. 


**Ni-Vee"’ is registered trade-mark of the International Nickel Co. 
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“THAT NEW TYTON JOINT SHORE iS 
EKKINOMIKAL...PAW BOUGHT A BRANG 
NEW TIRE WITH THE MONEY HE SAVE 


4 


PIPE FOR WATER, SEWERAGE AN 


72 P&R 
| shaves cost..B. 
ore 
ore 
é se 
ven 
| ape 
fits 
ND 
U.S. 


Jul. 1957 JOURNAL AWWA 


~ ONLY FOUR SIMPLE ACTIONS 
aves time 


ore lengths laid per man hour... 
ore elbow room on your estimates when you 


se “Tyton Joint” pipe. 


Insert gasket with groove over bead in gasket seat 


ven more important, this new joint is as 
2pendable as it is fast. A specially 
esigned rubber gasket...only accessory needed 
.fits into the bell of the receiving pipe. 

he inserted pipe slides in easily, compresses 

.e gasket and makes a bottle-tight 

lermanent joint. 


o bell holes. No weather worries... 
Tyton Joint” can be laid in a wet trench or rain. 
nd so easily even a green crew becomes 

xpert quickly. 


or more speed, simplicity, dependability 
1 pipe laying—all along the line—get 
1e facts on “Tyton Joint.” Call or write today. 


1. S. PIPE AND FOUNDRY COMPANY Insert plain end of pipe until it contacts gasket 


jeneral Office: Birmingham 2, Alabama 


WHOLLY INTEGRATED PRODUCER FROM MINES 
NOD BLAST FURNACES TO FINISHED PIPE 


® 
NDUSTRIAL SERVice 


Force plain end te bottom of socket . . . the job's dene! 
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unit takes form of aerofoil small in relation 
to cross section of pipe, it introduces very 
little flow disturbance in main body of liquid. 
Design and operation of aerofoil are de- 
scribed and illustrated—WPA, 


New Methods in Flow Measurement. O. 
Witser. Wasserwirrsch. Wasser Tech. 
(Ger.), 6:4 (’56). Author describes method 
of measurement of flow in which measure- 
ments are made at 2 vertical points only. 
These are at surface and at 0.38 of depth. 
Method of calen. is described.—IV PA 


Measurements of Flow in Pressure Pipes 
Using Radioisotopes. E. Sons. Gas- u. 
Wasserfach (Ger.), 97:672 (’56). Author 
describes application of measurement of flow 
by radioactive isotopes to flow in pressure 
pipes of sewage pumping plant. Expts. were 
made in pressure pipes of 4 pumping plants. 
Radioactive soln. was introduced under pres- 
sure at distances of between 5 and 60 m from 
pumps and measurements by Geiger counter 
were made at 2 points on each pipe. Ar- 
rangements for adding soln. and installation 
of counters are shown in diagrams. Meas- 
urements were made during normal operation 
and at different levels of output of pumps. 
Results show that method is applicable to 
these conditions and has advantages over 
other methods in applicability and accuracy. 
It can be used to test output of pumps dur- 
ing operation and to detect any deterioration 
in efficiency. Results also give information 
about distr. and mixing of radioactive mass 
during flow through pipe which can be ap- 
plied to flow of any intermittent addition of 
such substances as acids and poisons.—W PA 


Flow Into a Well by Electric and Mem- 
brane Analogy. C.-H. Zee, D. F. Peterson, 
& R. O. Bock. Proc. Am. Soc. Civil Engrs., 
No. 817 (55). Report is given of study of 
radially symmetrical, unconfined flow to well. 
Using app. described in text, which combined 
electrical analogy for hydraulic flow with 
membrane analogy for free surface, data were 
obtained from lab. runs and 1 field test. 
Exptl. results are used in conjunction with 
observations from other investigators to ob- 
tain empirical relationships between flow to 
vell and geometric variables—WPA 


Measurement of Water. C. TRUELSEN. 
Bohrtech. Brunnenbau (Switz.), 6:11 (’55). 


Author deals with measurement of water in 
vessels as used in pump expts. and by over- 
flow and Venturi meters in open channels. 
Conditions in which different processes can 
be used are discussed and formulae, tables, 
and graphs for calcn. of amt. of water are 
given. In closed pipes Venturi meters or 
Deacon or float meter can be used. Adapta- 
tion of latter for use in tube wells is de- 
scribed. If total amt. of water continuously 
flowing through closed pipe is required, Volt- 
man or vane recorders are used. Measure- 
ments can be automatically recorded by elec- 
trical means.—l!V PA 


The Problem of the Vertical Rate Curve 
in Natural Streams. M. Lippxe. Osterr. 
Wasserwirtsch. (Aust.), 7:213 (’55). Au- 
thor describes relation between flow in pipes 
and flow in open streams and gives curves 
and equations for calcn. of flow with exam- 
ples from measurements in various rivers.— 


WPA 


Thermal Flow Meters for Small Flows 
and High Pressures. H. R. RONNEBECK. 
Engineer (London), 200:538 (’55). Design 
and performance of 3 thermal flowmeters for 
measuring the rate of flow of liquids flowing 
at rates below those which can be measured 
by rotameters, and at high pressures, are 
described. One of meters described is un- 
affected by pulsating flows.—WPA 


Graphic Design of Alluvial Channels. N. 
Cuien. Proc. Am. Soc. Civil Engrs., No. 
611 (’55). Design curves, based on Ein- 
stein’s theories for alluvial channel flow and 
its relation to sediment transport rate, are 
given for determination of channel depth and 
slope to carry given unit discharge and sedi- 
ment load. Curves are applied to determine 
river flow conditions caused by diversion of 
flow, construction of dams, contraction of 
channels, elimination of river forks, and 
cutoff of bends. Ineffectiveness of curves in 
relation to design of irrigation canals is dis- 
cussed. In prepared discussion of paper, 
E. W. LANE comments on absence of any 
method for selecting width of channel in 
design curves, and discusses factors influenc- 
ing best width in both natural and artificial 
channels—_W PA 


Separation of a Constant Fraction of Wa- 
ter at a Measuring Weir. W. Liens. Gas- 
u. Wasserfach (Ger.), 96:170 (’55). Author 


(Continued on page 76 P&R) 
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FLOW COEFFICIEN 


The ebony-like finish on the inside sur- 
face of the steel water pipe shown 
above is a typical spun lining of Bitu- 
mastic 70-B AWWA Enamel. This type 
of lining has been tested and proved to 
have the highest flow coefficient avail- 
able today. 

That’s one reason why steel pipe, 
lined with Bitumastic 70-B AWWA 
Enamel is such a good investment for 


Steel water pipe with smooth, 
spun lining of Bitumastic En- 
amel. Whitewash protects ends 
against exposure to sunlight. 


= 


T=155 
water lines. Delivery stays high, too, 
year after year, since this enamel pro- 
vides the best protection against tuber- 
culation and incrustation known today. 

Investigate steel water pipe—tlined 
and coated with Bitumastic 70-B 
AWWA Enamel—for your next water- 
supply project. 

Koppers Company, Inc., Tar Prod- 
ucts Division, Pittsburgh 19, Pa. 


ONLY KOPPERS MAKES 


BITUMASTIC 


REG. U.S, PAT. OFF. 


70-B ENAMEL 
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describes design of overflow weir planned to 
measure runoff from agricultural land and 
to make it possible to determine content of 
suspended matter. After examining possibili- 
ties of various shapes of weir, a circular 
topped weir was used. On downstream slope, 
20 cm below crown, 2 plates were fixed 3 cm 
apart. Water entering this slit flowed to 
pipe apart from main flow. Expts. showed 
that proportion sepd. from main flow by this 
method was satisfactorily constant at differ- 
ent rates of flow. An illustrated account is 
given of design of exptl. plant and applica- 
tion of design to natural conditions and to 
various uses is discussed.—WPA 


Discharge Coefficients for Gates and 
Valves. C. W. Tuomas. Proc. Am. Soc. 
Civil Engrs., No. 746 (’55). Adaptation of 
devices for controlling water flow to serve 
also as metering stations is considered, and 
available information on calibration of cer- 
tain types of control devices by means of 
models and by prototype measurements is 
examd. Representative examples are given, 
accompanied by diagrams of devices and 
their discharge coefficient curves, of com- 
parisons of model and prototype calibrations 
of valves and gates incorporated in dams in 
Egypt and USA. Accuracy of calibrations, 
and reasons for any nonconformance between 
laboratory and field observations are dis- 


cussed.—_W PA 


The Measurement of Instantaneous Flow 
Rates and of Levels. Fundamentals and 
Principles of Application. P. Frocer. 
Génie Chim., 75:148 (’56). Author reviews 
principles of measurement of instantaneous 
flow rates, and indicates possible sources of 
error. Chief methods for measuring water 
level under various conditions are described 
and illustrated —WPA 


Critical Flow Meters (Venturi Flumes). 
A. Battorret. Proc. Am. Soc. Civil Engrs., 


No. 743 (’55). Theoretical anal. of meas- 
urement of flow in open channels by critical 
flow meters is given, and types of flumes 
which have been developed are reviewed. 
Details are given of models used and expts. 
carried out at hydraulics laboratory of 
Buenos Aires University to develop stand- 
ardized equip., economical to install and sim- 
ple to use, particularly when controlling 
water use in irrigation systems. Results of 


expts. and their application to open-channel 
discharge measurements are described. Ex- 
trapolation of lab. results to full-scale models 
operated in field appears to be possible.— 
WPA 


How Radiotracers Are Used in Measur- 
ing Fluid-velocity Profiles. F. M. Ricu- 
ARDSON, J. K. Ferrett, H. A. LAMonps, & 
K. O. Beatty. Nucleonics, 13:21 (’55). 
Method whereby rate of flow of liquid in 
tube can be measured, using radioactive iso- 
topes, is described. This enables cross sec- 
tions of rates of flow and thickness of liquid 
to be calcd. Rate of flow of liquid in center 
of tube is much greater than that at sides, 
and latter was previously very difficult to 
measure, as all methods developed involved 
disturbance of liquid. This method avoids 
disturbance of liquid, and veloc. measure- 
ments to within 0.002 in. from wall of cir- 
cular tube can be obtained. Vertical tube 
was filled with liquid, and allowed to stand 
for at least 30 min to ensure thermal equi- 
librium. Lower part of tube was then filled 
with soln. of radioactive tracer, and upper 
part with tracer-free soln. Flow was brought 
quickly to constant veloc., and as tracer-free 
soln. displaced other, counting rate was meas- 
ured. Detailed description of app. used to 
measure counting rate and veloc., is given, 
with diagrams. Counting was begun just 
before flow was started, and was continued 
until counting rate dropped to constant level. 
Aqueous solns. of glycerine and sodium car- 
bonate were used, and results are shown in 
graph. Curves conform to predicted pattern, 
but deviate from it slightly when there is 
only very thin layer of tracer soln. This is 
thought to be due to diffusion of trace ele- 
ment into other soln—WPA 


Rational Evaluation of Current Meter 
Measurements in Large Cross-sections. 
H. B. Rarray. Osterr. Wasserwirrsch. 
(Aust.), 8:34 (’56). Time required for 
evaluation of measurements of large flows 
can be reduced and accuracy of results in- 
creased by use of rational methods. Author 
has developed and tested process for calcg. 
rates of flow from time recorder strips. 
Comparisons are made between this method 
and methods previously used—W PA 


The Electrochemical Process of Flow 
Measurement. M. Pratzt. Osterr. Was- 
serwirtsch. (Aust.), 8:11 (’56). Account is 
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minimum maintenance 
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given of difficulties of current meter meas- 
urements, especially in turbulent streams, and 
of use of salt diln. and color diln. methods. 
Author then deals with use of cond. measure- 
ments and development known as “relative 
diln. method.” Electrochemical methods are 
still in exptl. stage and app. for practical 
use with necessary sensitivity and accuracy 
is lacking. Advantages of such methods in- 
clude possibility of accurate control of mixing 
of salt soln. with stream water and fact that 
measurements can be made on spot. Diffi- 
culties caused by effects of temp. and their 
compensation are discussed in detail. Illus- 
trated account is given of development and 
design of app. for electrochemical methods 
and method of evaluation, based on exhaus- 
tive investigations, is described. Finally, 
practical use of method is briefly described. 


—WPA 


The Fexboro Magnetic Flow Meter— 
Characteristics and Design Considerations. 
T. C. Cuitrry. Proc. 6th Ann. Southeastern 
Symp. Industrial Instrumentation, Univ. Fla., 
9:12 (55). Basic theories regarding design 
and operation of magnetic flow meters for 
measuring rate of flow of any material con- 
taining electrically charged particles are ex- 
pounded. Design features of Foxboro a-c 
electromagnetic flow meter are described, and 
its advantages, its independence of variable 
factors such as viscosity, turbulence, sus- 
pended solids, pressure, and pulsating flows, 
its limitations, and interfering factors are 
discussed. Guaranteed accuracy of flow 
meter is given as +1 per cent—WPA 


Turbulent Flow in Smooth and Rough 
Pipes. T. CoNnstanTINE. J. Inst. Munic. 
Engrs., 82:401 (56). Author describes 
briefly laminar and turbulent flow in pipes, 
suggests convenient method for designing 
pipes, and compares most commonly used 
empirical formulae.—WPA 


RADIOACTIVITY 


Mobile Unit Rids Water of Radioactivity. 
Chem. Eng., 63:130 (’56). Mobile unit for 
treatment of water contaminated with radio- 
activity has been developed by US Army 
Engineers. Unit is available in 3 sizes, with 
capacs. of 600, 1,500, and 3,000 gph. Treat- 
ment comprises coagulation with pulverized 
limestone, filtration through diatomaceous 


earth, and disinfection, and will remove 85% 
cf mixed fission products. Greater removal 


ef fission products can be achieved by pre- 
liminary treatment with clay or by subse- 
quent treatment by ion exchange—WPA 


The Artificial Radioactivity in Rain Wa- 
ter Observed in Japan from May to Au- 
gust 1954. Y. Miyake. Papers Meteorol. 
& Geophys. (Jap.), 5:173 (’54). Rain water 
and dust samples collected at 10 stations 
located throughout Japan were analyzed for 
radioactivity. Samples were collected from 
May to Aug. 1954 following H-bomb expts. 
at Bikini atoll. Max. activity observed was 
0.5 X 10° curie per liter observed in sample 
of rainwater collected at Kyoto University 


on May 16—PHEA 


Removal of Radioactive Fallout From 
Water by Municipal Water-treatment 
Plants. R: Evtassen & R. A. LAUDERDALE. 
US Atomic Energy Comm. TID-7517, Part 
la, p. 19 (’56). Samplings of raw water and 
water treated with alum, lime, and activated 
C at Lexington, Ky., showed that significant 
radiation fallout occurs only after rainfall fol- 
lowing nuclear explosion. Increased turbid- 
ity of water does not increase percentage 
reduction of radioactivity. Reduction appears 
to decrease with increasing age of fallout 
material. Small amts. of radioactivity per- 
sist in impounded supplies or reservoirs for 
considerable periods after nuclear explosion. 
—CA 


The Removal of Radioactive Particulate 
Matter From Water by Coagulation. N. 
C. BurBANK Jr, R. A. LaupeRDALE, & R. 
Extassen. US Atomic Energy Comm. 
NYO-4440 (’55). Radioactive particulate 
matter in rain-out consists of debris from 
fission reaction and convected soil which is 
fused in detonation. Particles range from 
0.0005 to 1lw with 50% within range of 0.24 
or larger. Suspended particulate matter 
shows preferential adsorption of anions upon 
its surface, while similarly adsorbed cations 
are held more loosely. Removal of particles 
with either alum or chlorinated copperas 
occurs through action of particles serving as 
nuclei for formation of hydrous oxide flux 
in alk. media. Presence of adsorbed layer 
of sulfate ions on radioactive particles in- 
creases production of nuclei and improves 
removal efficiency. These anions are ac- 
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Orlando, Florida Water Treatment Plant includes three Walker 
Process Clariflows for lime softening as well as algae and color 
removal. The unit in the foreground, completed in 1954, in- 
creases the plant capacity to 24 MGD. The two original Clari- 
flows were installed in 1949. Each unit is 56’ square x 17’ deep. 


ORLANDO, 
= FLORIDA 


Consulting Engineers— 
Robert & Co., 

Atlanta, Ga. 

Gen'l. Mgr. — Orlando 
Utilities Commission — 
Mr. C. H. Stanton, Mgr. 
Orlando Water Dept.— 
Mr. L. L. Garrett 


The Clariflow’ combines flocculation, good fluid mechanics and clarification in a rel- 
atively small tank. Mixing, flocculation, stilling and sedimentation are independently 
operated and controlled. The positive control of flocculation and clarification enables 
the operator to readily select the most economical method of operation when handling 
changeable water conditions. 


Short circuiting tendencies are eliminated by means of exclusive multiple, tangential 
diffusers which simultaneously and equally distribute the flow. Balanced multiple 
surface weir troughs make efficient use of short detention periods and insure clarified 
overflows. 


The Clariflow is applicable wherever there is a municipal or industrial need for 
water or waste treatment. It can be used in all operations including combined intimate 
chemical homogenizing, flocculation’ and clarification in rectangular, square or circular 
basins. The Clariflow gives excellent results in the treatment of municipal and indus- 
trial water for—softening—turbidity removal—color removal—algae removal. Indus- 
trially it is universally used in—oil separation and emulsion breaking plants—blast 
furnace flue dust thickening—paper stock reclamation. 


Write for bulletin 6W 46. 


WALKER PROCESS EQUIPMENT INC. 
FACTORY—ENGINEERING OFFICES—LABORATORY 
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quired by microcryst. floc in process. Tur- 
bidity in water greater than 5 ppm. improves 
coagulation. Removal of particle matter by 
softening with lime-soda ash is accomplished 
by the pptn. of calcite and (or) brucite in 
chains and aggregates about particle. At- 
tachment is similar to that of hydrous oxide 
flocs, and crystal is attached at corner or 
edge of face, active surface of crystal growth. 
—CA 


Effect of 1955 Nuclear Weapon Tests 
Series on Radioactive Monitoring Pro- 
gramme. B.L. Ros—eNTHAL. Sanitalk, 4:19 
(56). Effects of radioactive contamination, 
produced by fallout from atomic detonations 
during nuclear weapon test series at Las 
Vegas in spring of 1955, on surface waters 
and water treatment plants in Massachusetts, 
were studied. Measurements of radioactivity 
in samples of rainfall, of Merrimack R. wa- 
ter at intake to Lawrence city water works, 
and of Cochichewick Brook, which is fed 
from lake Cochichewick, source of water 
supply for North Andover, were made. 


Detn. of amt. of radioactivity passing through 
treatment plant at Lawrence was made by 


examn. of rapid sand filter effluent; treat- 
ment at Lawrence works consists of coagula- 
tion with lime and alum, chlorination, sedi- 
mentation, and filtration. Results of these 
detns., which are presented in tables and 
graphs, show that there is increase in radio- 
activity of rainfall following atomic detona- 
tions ; that increase in radioactivity of surface 
waters above normal background of streams 
was closely related to activity of pptn.; and 
that residual activity after passage of Merri- 
mack R. water through Lawrence treatment 
plant was composed of background activity 
and some activity resulting from fallout. It 
was also apparent that the higher radio- 
activity of intake water the greater was 
removal by treatment. It is pointed out that 
in no case did activity recorded in samples 
approach permissible level of activity for 
water used as source of domestic supply.— 
WPA 


Effects of Low-Level Radioactivity in the 
Columbia River. C. Henperson, G. G. 
Rospeck, & R. C. Parance. Public Health 
Repts., 71:6 (’56). Environmental sanita- 
tion problem for new atomic age may be 
created by dischg. of radioactive byproducts 


of nuclear reactions into surface streams. 
USPHS conducted water qual. studies on 
Columbia R. over period extending from 
mid-1951 to mid-1953. One of principal ob- 
jectives of studies was to det. effects of 
radioactivity on phys., chem., and biol. char- 
acteristics of stream. Following major con- 
clusions regarding radioactivity in Columbia 
R. are drawn from USPHS studies of 1951- 
53: [1] Low-level beta activity has had no 
adverse effect upon numbers and species of 
aquatic organisms in Columbia R. [2] 
Radioactivity levels in plankton and attached 
algae are directly dependent upon levels in 
river water. [3] Radioactivity levels in 
aquatic animals vary with their metabolic 
rates (which in turn vary with water temps. ) 
and with radioactivity levels of materials 
upon which they feed. [4] Migratory spe- 
cies in Columbia R. such as salmon, adults 
of which do not feed in fresh waters, have 
low radioactivity levels at same time that 
levels in resident species are high. [5] Radio- 
active materials are concd. in all parts of 
body of fish. Activity levels, however, are 
about 10 times higher in scales, bones, and 
internal organs than in edible parts, such as 
muscle and skin. [6] Since aquatic organ- 
isms conc. specific radioisotopes such as phos- 
phorus 32 many thousand times above levels 
in water, use of these organisms for human 
or animal consumption presents potential 
public health problem. However, to date 
levels of radioactivity in flesh of Columbia 
R. fish are not dangerously high—PHEA 


TREATMENT—GENERAL 


Modern Chemical Treatment of Domestic 
and Industrial Water Supplies. P. Horer. 
Gesundh. Ing. (Ger.), 76:270 (’55). Author 
describes requirements of satisfactory water 
supply and gives detailed account, illustrated 
by plans and photographs of plant, of mod- 
ern methods of chem. treatment for removal 
of iron, manganese, aggressive carbon diox- 
ide, hardness, salts, and taste, odor, and 
color, and for disinfection—WPA 


The Purification of Water on a Small 
Scale. R. N. Crarx. Bul. World Health 
Organization, 14:820 (’56). Author points 
out 3 general methods commonly used for 
purification of small water supplies. There 
are boiling, chemical disinfection, and filtra- 
tion. Boiling is safest method though chemi- 
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New Cochrane SOLIDS-CONTACT REACTOR 


combines 


mixing, precipitation, sludge concentration, clarification & softening 


The relatively hard, turbid Rocky River 
supply for the city of Berea, Ohio, is 
quickly reduced in hardness to approxi- 
mately 3.5 gr/gal and to a turbidity of 
less than 10 ppm by the Cochrane Solids- 
Contact Reactor shown above. An exist- 
ing concrete basin 28’ square x 15’ deep 
was modernized by conversion to the 
Solids-Contact type. Using hydrated 
lime, soda ash and alum, the Reactor 
treats over 2,000,000 gpd at surprisingly 
low cost. 

Because the design of the Cochrane 
Reactor provides higher quality treated 
water faster, in less space, with minimum 


Cochrane 


PORATION 
3124 N. 17TH STREET, PHILADELPHIA 32, PA. 
NEW YORK PHILADELPHIA CHICAGO 


Representatives in 30 principal cities in U.S.; Toronto, 
Canoda; Paris, France; Mexico City, Mexico; lo Spezia, 
Italy; Havana, Cuba; Caracas, Venezvela; San Juan, 
Puerto Rico; Honolulu, Hawaii; Malmo, Sweden; Santiago, 
Chile. Pottstown Metal Products Division—Custom built 
carbon steel and alloy products. 


chemicals, their use has grown tremen- 
dously for municipal applications. High 
slurry strength in the reaction zone 
speeds precipitation—there is very little 
waste water. Automatic desludging saves 
time and labor. In addition to softening 
and clarification, Cochrane Reactors re- 
move color, taste, odor; reduce alkalin- 
ity, silica, fluorides, etc. 

Cochrane’s background in water con- 
ditioning makes possible the installation 
of complete systems under a single re- 
sponsibility for continued, consistent 
performance. Write for Publication 
5001-A and case history reprints. 


Cochrane also manufactures circular roodiors 


Deminerelizers Hot Process Softeners Hot Zeolite Softeners + Deolkalizers Reactors 
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cal disinfection (especially with chlorine or 
iodine) has advantage of reducing possibility 
of recontamination. Filtration, alone, is least 
desirable method. Advantages and disadvan- 
tages of all 3 methods are discussed. Condi- 
tions desirable for use of each of disinfection 
techniques as well as directions for their 
application are summarized —PHEA 


Water Treatment and Ion Exchange. J. 
Uncar. In review of water treatment, short 
descriptions are given of treatment processes 
for removal of suspended and dissolved mate- 
rials from water in relation to use for which 
water is intended; these processes include 
coagulation and filtration, removal of dis- 
solved gases and of iron and manganese, and 
softening by lime-soda processes and by ion 
exchange using zeolites or synthetic cation- 
exchange resins. Development of cation- 
exchange resins in hydrogen form and of 
anion-exchange resins, and their use in multi- 
stage and mixed-bed processes for demin- 
eralization of water is summarized. Quality 
of effluent which may be obtained from 
mixed-bed units, or from combination of 
ion-exchange processes is described —WPA 


The Treatment of Doubtful Waters for 
Public Supplies. N. J. Pucu. J. Inst. 
Water Engrs., 11:17 (’57). Study of char- 
acteristics of Severn R. emphasizes necessity 
for flexibility in plant operation and continu- 
ous supervision of treatment works. Satis- 
factory water acceptable to consumers is 
emphasized as shown by research in Coven- 
try Corporation water undertaking. General 
interests of water works industries demand 
extensive and fundamental researches which 
may be carried out in universities and col- 
leges and central research organization with 
industry.—C A 


Stabilizing the Composition of Water in 
Treatment by Coagulation. L. A. Kursk 
& M. A. SHEVCHENKO. J. Chim. Ukraine 
(USSR), 19:215 (’53). In expts. on treat- 
ment of natural waters with aluminium sul- 
fate and chalk, 100 mg of aluminium sulfate 
and 176 mg of chalk in aq. soln. or suspen- 
sion were used per liter, with mixing time 
of 15 min and linear speed of water of 0.3 m 
per sec. Chalk was best added after alu- 
minium sulfate. Best addition is 250 mg of 
30% soln. of aluminium sulfate and stoichio- 
metric amt. (146 mg/l) of chalk—WPA 


The Addition of Flocculating Agents for 
Improving the Treatment of Ecker Water. 
W. WIEDERHOLD & F, HIEBENTHAL. Gas- u. 
Wasserfach, 98:225 (’57). Ecker reservoir 
water impurities vary widely, especially amt. 
and condition of humic acids, owing to 
swampy region in drainage area. Difficulties 
were encountered with rapid sand filters that 
could not be avoided with usual flocculating 
agents; the addn. of bentonite, clay, or active 
silica even made filtration more difficult. 
Best flocculating agent found was a 1% soln. 
of yellow dextrin, added at rate of 2 mg/I. 
With this flocculating agent, length of filter 
cycle was at least doubled, with satisfactory 
effluent throughout. Even better results were 
secured with special dextrin product (D 100) 
which gave an opalescent rather than clear 
soln. as with yellow dextrin. Filtration rate 
could be increased with use of this special 
product.—CA 


CHEMICAL ANALYSIS 


Determination of Dissolved Oxygen in 
Water Containing Reducing Substances. 
I. Davies et aL. Analyst (Gr. Br.), 81:113 
(’56). Effect of interfering substances on 
results obtained by Winkler method on DO 
in water is shown. System of ion-exchange 
columns is proposed in which interference 
is removed while sample is being taken, thus 
enabling Winkler method to be applied with- 
out modification.—CA 


Hydrogen Sulfide—Its Meaning in Water 


Analyses. The Betz Indicator, 25:2 (Feb. 
56). Hydrogen sulfide gas is poisonous 
although no harmful effects result from 
amt. of hydrogen sulfide present in water 
soln. Hydrogen sulfide has very objection- 
able odor and imparts corrosive character- 
istics to water. Detection of hydrogen sul- 
fide is easily accomplished even in low 
concns. due to characteristic odor. How- 
ever, actual quant. determination requires 
skill due to difficulty of collecting repre- 
sentative sample. Elimination of hydrogen 
sulfide from water involves individual study 
to determine most efficient and economical 
method. Each method of removal discussed 
has advantages and disadvantages. Best 
method of removal in any individual case 
is determined by such factors as total sulfide 
content of water, alkalinity, desired or re- 
quired effluent sulfide concn. use or purpose 


(Continued on page 86 P&R) 


Jul. 1957 


JOURNAL AWWA 


, Better Valves for Water Works Service 

W. S. 

ROCKWELL 


Butterfly 
Valves 


Built to AWWA Standard 
Specifications C504-55T 


° Compact—tighter Weight 
e Reduced Installation Space 
e Lowest Installed Cost 

Efficient Reliable Operation 
Drop-Tight Shutoff 


@ Minimum Pressure Drop 
@ Non-Clogging 


@ Better Control—-Manual or 
Automatic 


Less Maintenance 


Write for Bulletin 574 
on AWWA Valves 


W. S. Rockwell Butterfly Valves 
offer advanced design and rug- 
ged construction. Made in all 
standard sizes of cast iron, cast 
steel, stainless steel, bronze or 
other alloys; natural or synthetic 
gum rubber seat with clamping 
segments, or spool type rub- 
ber liner extending over flange 
faces. Operators — manual: 
AWWA nut, handwheel, chain 
wheel or other types; automa- 
tic: electric motor or cylinder. 


W. S. ROCKWELL 


2607 Eliot Street — Fairfield, Connecticut 
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PERMUTIT’ presents the 


VALVELESS 
FILTER 


Completely Automatic Gravity Filter 
Costs Less than Manual Unit 


Uses novalves,no pumps, no flow controllers 


Here’s an entirely new concept in 
water filters for cities, factories and 
power stations: a filter that elimi- 
nates operation and maintenance 
expense . .. yet costs less than a con- 
ventional manually-operated grav- 
ity filter of the same size. 

The Permutit Valveless Filter can 
be used wherever gravity flow is 
feasible. Units are now in operation 
providing both plant process and 
drinking water. 


FOOLPROOF OPERATION 


The Valveless Filter thinks for itself. 
It starts backwashing at a predeter- 


mined head loss, rinses and returns 
to service automatically . . . and as 
efficiently as an expertly operated 
manual filter. It assures uniform, 
high quality effluent because it elimi- 
nates “human error.” It cannot be 
forced. It cannot backwash or rinse 
too soon or too late, too fast or too 
slow, too much or too little. It cannot 
develop a negative head and thus 
eliminates the chief cause of mud- 
balls, channelling, upset beds. The 
absence of gravel eliminates another 
cause of upset beds. Backwash or 
rinse water cannot be accidentally 
run to service. 


PERMUTIT 


rhymes with “compute it” 


Water Conditioning 
lon Exchange « Industrial Waste Treatment 


- 


Filtering. Water enters at left, 
flows through sand, strainers and 
false bottom up effluent duct to 


service. As head loss increases dur- 
ing run, water rises in backwash 
pipe. At maximum headloss, water 
spills into downward section of 
backwash pipe and starts back- 
wash (siphon) action. 


HOW IT WORK 


BREAKER 


Backwashing. Siphon draws wa- 
ter from storage down through 
ducts, up through strainers and 
sand to expand and wash bed, then 
to waste. At low storage level, air 
enters siphon breaker to stop back- 
wash. Flow reverses and filtered 
a water flows into storage un- 
til full. All flow then goes to service. 


PROVEN PERFORMANCE 


Photo shows two Valveless Filters 
in a large industrial plant. ( Shut-off 
valve at left is used only to take 
front filter out of service. ) 


LOW INSTALLATION AND 
EXPANSION COST 


Filters up to 10 ft. diameter are 
shipped set up. Piping is simple. Fu- 
ture filters are easy to add since they 
require no additional backwash wa- 
ter storage or pump capacity. Filters 
use minimum floor space. 


FREE BULLETIN 


New bulletin, “The Permutit Valve- 
less Filter,” includes details, draw- 
ings,operating conditions, capacities. 
Address: The Permutit Company, 
Dept. JA-7, 330 West 42nd St., New 
York 36, N. Y. or Permutit Company 
of Canada Ltd., Toronto 1, Ont. 


CONDENSATION 


1940-1955 


CUMULATIVE 


INDEX 
TO THE 


JOURNAL 


These features make the new 
16-year Cumulative Index 
(clothbound, 192 pp.) a time- 
saving, easy-to-use guide to 
Journat AWWA for 1940~- 
1955: 


@ topic index—titles of all 
articles on a particular subject 
are listed together under the 
appropriate heading, with cross 
references to related topics. 


@ geographic index—lists 
names of places and areas 
dealt with by articles in detail. 


@ author index—provides a 
key to all articles by every 
author during the 16-year pe- 
riod covered. 


@ other reference aids— 
complete topical outline, alpha- 
betical list of subjects, table of 
text page numbers for each 
issue. 


List price, $4.50 


Price to members send- 
ing cash with order, 
$3.60. 
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for which water will be employed and 
existing plant equip—PHEA 


Detection and Determination of Traces 
of Polynuclear Hydrocarbons in Indus- 
trial Effluents and Sewage. IV. The 
Quantitative Examination of Effiuents. 
P. Wepcwooo & R. L. Cooper. Analyst 
(Br.), 81:42 (56). Discharges into sewers 
of effluents contg. oil are greater potential 
source of these compds. than spent am- 
moniacal liquor from gas works. Carbu- 
retted water-gas effluent is example of ef- 
fluents contg. gas oil that has been subjected 
to cracking in gas-producing plant. Method 
for detecting traces of polynuclear hydro- 


| carbons has been described.—CA 


The Determination of Dissolved Oxygen 
in Water with Leuco Indigo Carmine. 
K. Wickert & E. Z. Jaap. Anal. Chem., 
145:338 (’55). A method is described for 


| determination of D.O. in conens. of 3-50 ug 
| per 1. Leuco indigodisulphonic acid, pre- 
| pared by reduction with zinc of an am- 


moniacal solution of indigodisulphonic acid, 
is added to sample, and color is measured 
photometrically using yellow filter. Limits 
of interfering substances are given, and 
existing methods for detn. of oxygen in 


| water are reviewed critically—WPA 


The Biochemistry of Urochrome and 
Tests for Its Presence in Drinking Water. 
H. O. Hertcue. Gesundh. Ing., 76:309 
(55). Some particulars are given of bio- 
chemistry of urochrome in particular rela- 
tion to causation of endemic goitre, for it 
is considered to be possible that urochrome, 
by combining with copper which is believed 
to be essential for adequate functioning of 


| thyroid gland, may play part in this causa- 


tion. Hypothesis that iodine lack is cause 
of endemic goitre cannot be substantiated in 
all instances of the disease and it has been 
possible to demonstrate that from waters 
highly polluted with animal matter there can 
be obtained materials, from which urochrome 
and other substances can be isolated, that 
induce goitre when administered to rats. 
With this theory in mind, author has devel- 
oped 2 techniques, details of which are 
given, for the detn. of urochrome in water. 
These methods are based on adsorption of 
urochrome by aluminium hydroxide or by 
aluminium oxide, elution with formic acid 
and ultimate determination of amt. of uro- 
chrome by colorimetric process.—CA 
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FIRST STEP IN WATER STORAGE FOR PRIVATE UTILITY 


7 This 100,000 gallon elevated water tank, designed, fabricated and erected by Graver for 
Domestic Utility Services Co., Glenview, IIl., is the first of two steps in providing ample 
water storage and pressure for a new residential development of 4,000 homes. Graver’s 


nd 100 years of experience and nation-wide organization can be most helpful when planning 
your water storage facilities. RAVE ANK & MFG.(O.IN 
GRAVER TANK & MEFG.CO.INC 


New York Philadelphia Edge Moor, Del. EAST CHICAGO, INDIANA 
Pittsburgh Detroit Chicago Tulsa Sand Springs, Okla. 
Houston NewOrleans Los Angeles SanFrancisco Fontana, Calif. 
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Correspondence 


Miles and Females 
To the Editor: 


I was interested in seeing the statistics 
for the Atlantic City Conference (June 
issue, p. 42 P&R) and have made a few 
calculations which may be of interest to 
you. These indicate that individuals from 
the continental United States traveled a 
total distance of 4,500,000 miles to go to 
and from Atlantic City. Based on the 
total number in attendance, this would 
mean an average travel distance of 750 
miles one way, or 1,500 miles both ways. 
Thus, as naturally would be expected, the 
greater proportion of delegates came from 
areas not too far distant from Atlantic 
City. 

I was also interested in the table show- 
ing the attendance of men versus ladies. 
At first glance, I was under the false pre- 
sumption that in recent years there was 
a greater percentage of attendance on the 
part of our “better halfs.” But when I 
calculated the percentage of ladies attend- 
ing in comparison to the total, I got the 
following results: 


Per Cent 
Ladies 
21.8 
20.1 
19.8 
25.5 
19.3 
19.4 
25.8 
16.4 
19.0 
20.9 


City 
Atlantic City 
St. Louis 
Chicago 
Seattle 
Grand Rapids 
Kansas City 
Miami 
Philadelphia 
Chicago 
Atlantic City 


Year 
1957 
1956 
1955 
1954 
1953 
1952 
1951 

1950 
1949 
1948 


You will see that the proportion of 
ladies is uniformly in the neighborhood of 


20 per cent, with the exceptions of Seattle 
and Miami, where the percentage of ladies 
in attendance exceeded 25 per cent. Per- 
haps these figures may permit the chair- 
man of the Convention Management 
Committee to make approximate estimates 
of the number of ladies to be expected at 
future annual meetings. 

I note that there were no delegates in 
attendance at the meeting from five states 
—Idaho, Nevada, South Dakota, Vermont, 
and Wyoming. 

E. A. StcwortH 
New York, N.Y. 
Jun. 4, 1957 


Sig’s statistics simply prove that, re- 
gardless of sex or distance, you'd better 
be at Dallas in 1958. Texas demands 
more males and more miles, as well as 
more better fifths.—Ep. 


AWWA Can Get ’Em Up 
To the Editor: 


Now that its presentation is long past, 
the story of how my paper was actually 
written appears extremely amusing, but 
it certainly was not so during the 3 
months in which it occupied my mind. In 
addition to my duties of supervising crews 
in the maintenance of our entire water 
and sewer systems, I have been respon- 
sible for the inspection of all utility con- 
struction in new subdivisions, as well as 
our own construction, and, with the rapid 
expansion of our system during the past 
few years, this has been a 7-day-a-week 
job—right now, a 40-hr week would seem 
like a vacation! 


(Continued on page 90 P&R) 
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TENNESSEE CORPORATION 


The Superior. COAGULANT 
With The Plus FACTORS-= 


Ferri-Floc gives smoother, more efficient and trouble free opera- 
tion. Whatever your particular water treatment problem may be, 
you can depend on Ferri-Floc doing a superior job and doing it 
efficiently and economically—Ferri-Floc is a free flowing granular 
salt which can be fed with few modifications through any standard 
dry feed equipment. It is only mildly hygroscopic, thereby per- 
mitting easy handling as well as storage in closed hoppers over 
long periods of time. 


WATER TREATMENT 


Efficient coagulation of surface 


or well water. Effective in lime soda- 


SEWAGE TREATMENT 

Ferri-Floc coagulates wastes over 
wide pH ranges — It provides effi- 
cient operation regardless of rapid 
variations of raw sewage — Is effec- 


tive for conditioning sludge prior %, 


ash softening. Adaptable to treat- 


ment of all industrial applications 


to vacuum filtration or drying on 


sand beds. 


* Rapia 
Oc Format; 
on 


Wide pH Range 


Excellent Taste and Odor Control * * Coagulation Over 


Ma n 
"9aNese and Silica; removal Ease ef Operatio 


g D/ SULFUR-DIOXIDE is effec- COPPER SULFATE will con- 
«< Op tively used for dechlorina- trol about 90% of the 


quaury «tion in water treatment and microorganisms normally = 
“ to remove objectionable — encountered in water treat- 
SQ» odors remaining after ment plants more eco- Let us send you without 
purification. nomically than any other charge a 38-page booklet 
chemical. that deals specifically with 


all phases of coagulation. 


TENNESSEE CORPORATION 


617-29 Grant Building, Atlanta, Georgia 
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Correspondence 


(Continued from page 88 P&R) 


When, 3 months before our Section 
meeting, I was requested to prepare a 
paper, I was very proud to have been 
asked and determined to do a first-class 
job of it. But there were just not enough 
hours in the day, or days in the week, to 
do all that I wished, so the Sunday eve- 
ning before the meeting caught me with- 
out one word of my paper written, al- 
though I had prepared a partial outline. 
The paper was scheduled to be read the 
following Friday morning, and at this 
point I was ready to drop the whole thing, 
but I did not think it right to duck out 
on a responsibility I had accepted. I de- 
cided to write a description of what we 
do and let it go at that—it wouldn’t be 
technical and it wouldn’t be good, but at 
least it would be a paper and would oc- 
cupy the 30 min of the program allotted 
to me. 

On Monday morning I arrived at my 
office at 4 am and began to write. At 7 
AM I had to leave to get my men started 
at work, so the few pages written were 
put on the typist’s desk. The balance of 
the day was so completely occupied with 
other work that it was impossible to re- 
turn to my paper. Tuesday, Wednesday, 
and Thursday were identical—the only 
time free for my paper was 4-7 am. The 
Section meeting began Wednesday morn- 
ing; I reached it at noon. The same was 
true Thursday, and I could not remain 


for the cocktail hour and banquet, as I 
had to get back to see if the girl had been 
able to type my manuscript. Fortunately, 
she had; my first reading of the complete 
manuscript was at 9 pm on the day before 
it was to be presented. 

The following morning I managed to 
arrive at the meeting at 9, having made 
a few penciled corrections on my manu- 
script on the train. The period until my 
presentation at 11 am was certainly one 
of apprehension and trepidation! Even 
my boss had not the slightest idea of what 
I had written. When the paper was 
finally presented, it was very gratifying 
to find the audience so attentive, and, to 
my surprise, I actually enjoyed reading 
my paper to the meeting. 

A JournaL AUTHOR 


On our author friend and others like 
him, AWWA depends not only for worth- 
while programs and good Journal articles, 
but for all the other tasks that make it 
possible for AWWA to work toward 
higher standards of water works prac- 
tice. We'll probably not advertise “Join 
AWWA and Get Less Sleep,” but, if less 
sleep is what it takes, we could be coaxed 
into supplying the coffee. As a matter of 
fact, perhaps a coffee club would be in 
order—the MODEL club, Midnight Oil- 
ers and Dawn’s Early Lighters, that is.— 
Ep. 


approximate weight 33 Ibs. 


237 Columbus Ave. 


ATTENTION Water Meter Repairmen! 


Patrick COPPER AND BRASS DIP 


In Concentrate Form—For finished product add water 


QUICK ACTING, RESTORES LUSTER TO COPPER, BRASS, 
AND BRONZE 


12 containers of concentrate makes 12 gallons of C. and B. Dip, 
$28.20 prepaid. Net 30 days. 


LEO R. LEARY, Manufacturer 


Buffalo, 20, N.Y. 
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A 14 ft. inside diameter, 16 ft. long sec- 
tion of subaqueous reinforced concrete 
pipe enroute to installation site via 
American's special-built 99 ft. truck 
and trailer. Weight per pipe section was 
reduced from an estimated 75 tons to 
50 tons by use of lightweight concrete 
aggregates. 


CONCRETE PIPE 


d 


mere. CONSTRUCTION CO. 


the economy of 


A new steam station at Huntington Beach, California is another project in 
the long-range program of the Southern California Edison Company which has 
been undertaken to provide needed kilowatts for Southern California’s dynamic 
industrial and domestic growth. 

In solving the problem of circulating 352,000 gallons of sea water per minute 
from a point approximately 2500 ft. out in the Pacific Ocean to the plant’s con- 
densers and back again, Edison’s engineers called upon American Pipe and 
Construction Co. to help design and to manufacture the largest diameter precast 
reinforced concrete subaqueous pipe ever made. Each individual pipe section 
has an inside diameter of 14 ft. 

American’s ability to manufacture and handle these huge pipe made feasible 
the use of two parallel pipelines of this size rather than four lines of approxi- 
mately 9 ft. diameter pipe otherwise needed to circulate the required volume of 
water. Here, indeed is economy of size. 

Take advantage of American’s 50 years of research and experience for your 
next project. Write or telephone for information. 


FOR MAIN WATER SUPPLY LINES, STORM AND SANITARY SEWERS, SUBAQUEOUS LINES 


Mail address: 

Box 3428 Terminal Annex, Los Angeles 54, Calif. 

Main office and J 

4635 Firestone Bivd., South Gate, Calif. Phone LOrain 4-2511 
District sales offices and plants: 

Hayward and San Diego, Calif., Portland, Ore., Phoenix, Ariz. 


District sales representatives 
Seattle and Spokane, Wash. 
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SECTION MEETINGS 
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Section Meetings 


Nebraska Section: The Cornhusker 
Hotel in Lincoln was again the scene of 
the Nebraska Section’s annual meeting on 
Apr. 24-26. As usual, this meeting was 
conducted together with the Utilities Sec- 
tion of the League of Nebraska Munici- 
palities. Those attending were kept quite 
busy with a schedule of technical papers 
which were very well received. [A list 
of the papers presented will appear in the 
December 1957 JourNnAL.] 

At the business meeting, routine mat- 
ters of Section business were discussed, 
and the results of the letter ballots for 
the election of officers were announced. 
George H. Beard was elected chairman; 
M. L. Sievers, vice-chairman; and John 
E. Olsson, secretary-treasurer. Retiring 
Chairman Carl Fisher automatically be- 
came a member of the Board of Trustees. 
Bert Gurney carries on as national direc- 
tor. The Fuller Award Committee elected 
to make no nomination for the Nebraska 
Section for this year. 

At the evening banquet, certificates 
were presented to more than 400 em- 
ployees of municipal utilities in Nebraska 
who have given faithful service for 25 
years and over. This procedure, new this 
year, will be followed at each subsequent 
annual meeting. While these certificates 
were being presented, a severe storm was 
blowing outside and a tornado passed 
within 10 miles of Lincoln. This news 
filtered into the banquet room and caused 
some alarm among the utility superin- 
tendents present at the meeting. A con- 
siderable amount of damage was done to 
nearby Milford. James A. Bowman, of 
the Standard Oil Co. Research Lab., pro- 
vided a program entitled “Fire Magic,” 


which proved to be very interesting and 
captured the attention of all in attendance 
at the banquet. 
Joun E. OLsson 
Secretary-Treasurer 


Pacific Northwest Section: A record 
attendance of 350 men and 114 ladies 
heard Gerrit Vander Ende, chairman of 
the Tacoma, Wash., Public Utility Board, 
welcome them to Tacoma for the Section’s 
30th annual meeting, May 2-4, 1957. 
Subjects covered at the technical sessions 
included: recreational use of reservoirs, 
water demands by the paper and canning 
industries, population growth problems, 
effect of high rates on water consumption, 
induced infiltration, ground water re- 
sources, earthquake damage to wells, and 
automatic control equipment. [A list of 
papers and authors will appear in the 
December 1957 JourNAL.] 

Life Membership certificates were pre- 
sented by Secretary Jordan to Edgar W. 
Thompson and A. H. Labsap. The Pow- 
ell-Lindsay Award was given to John L. 
Boyle, regional sales manager for Pacific 
States Cast Iron Pipe Co., and the Fuller 
Award nomination went to Arthur S. G. 
Musgrave, municipal engineer, Oak Bay, 

The Section officers for the next year 
are: chairman—Henry J. Donnelly, Bell- 
ingham, Wash.; vice-chairman—Herbert 
C. Clare, Portland, Ore.; trustee—A. H. 
Perry, Vancouver, B.C.; director—E. 
Jerry Allen, Seattle, Wash.; and secre- 
tary-treasurer—Fred D. Jones, Spokane, 
Wash. 

Frep D. Jones 
Secretary-Treasurer 
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Like Atlanta, Ga., you too can meet tomorrow’s increased water 
demands with clean water mains. When the coefficient of sections of 
Atlanta’s 45 year old main dropped to a low of 44, Waterworks 
General Manager, Paul Weir ordered National cleaning. Results 
were outstanding. Water pressure and capacity doubled, giving 


better fire protection and higher water pressure to outlying sections. 


Do as other leading cities have done—let National 
cleaning provide for tomorrow’s expansion without 
capital expenditure today! We can prove that Netional 
cleaning is an investment—not an expense. 


Write us today! 


TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street + New York, N.Y. 


TUR, ; P. O. Box 385 * BOSTON,QMASS; 115 eterboro Street * C ICAGO; 8 So. 
’Street ERIE, PA; 439 E.gothgStreet *4FLANDREAU, S.D; 315 N. Crescent 
Street *° KANSAS CITY, MO; 406 Merchandise Mart and 2201 Grand ‘Avenue * LITTLE 
FALLS, N.J;}Box 91 * LOS ANGELES; 5075 Santa Fe Avenue * MINNEAPOLIS, MINN; 
200 LumberjExchange Building * RICHMOND, VA; 210 E. Franklin Street *iSALT LAKE 
CITY; 149-151 W. Second South Street SIGNAL MOUNTAIN, TENNESSEE; 204 Slayton 
Street * MONTREAL, CANADA; 2032 Union ‘ie ° WINNIPEG, CANADA; 576 Wall 
Street * HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 531 * SAN JUAN, PUERTO 
RICO; Louis F. Caratini, Apartado 2184. 
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AMERICAN 
WATER WORKS 
ASSOCIATION 


NEW MEMBERS 
Applications received May 1-31, 1957 


Adams, William James, Regional 
Engr., Underwood McLellan & 
Assocs., Inc., 207 Silver Hgts., 
Winnipeg 12, Man. (Jan. ’57) 

Angeline, Lawrence J., Foreman, 
Pumps & Storage, Water Div., 
4848 S. L, Tacoma, Wash. (Apr. 

Angell, Glen V., Water & Street 
Supt., 1422 S. 5th, Dayton, Wash. 
(Apr. ’57) MRPD 

Apgar, William Lloyd, Jr., Sales- 
man, Water Works Supply Co., 
State Highway #23, Pompton 
Plains, N.J. (Apr. ’57) D 

Ashlock, Joseph H., Chief Ins 
tor, Water Bureau, Portland 4, 
(Apr. M 

Awde, Jack Edward, Research 
Engr., Johns-Mansville Research 
anville, N.J. (Apr. ’57) 


Baxter, Malcolm N., Div. Engr. 
of Constr., Div. of Water, 600 Col- 
lins Park Ave., Toledo 5, Ohio 
(Apr. ’57) RD 

Beach, Donald G., Inde 
Township Water 
Mich. (Apr. ’57) M 

Beck, Elmer E., 
Dept., Chesterton, Ind. (Apr. 
MPD 


ndence 
larkston, 


Water 
57) 


Behrens, A. L., Maintenance Supt., 
Box 6545, Eagle Lake, Tex. (Apr. 
57) D 

Berhard, Warren K., Pres., Bern- 
hard Eng. Sales Co., 309 Meadows 
Bidg., Dallas, Tex. (Apr. ’57) PD 

Beveridge, J. A., City Comr., City 
Hall, Moose Jaw, Sask. (Jan. ’57) 

Bingham, George R., Asst. Engr. 
of Water Supply, Wayne County 
Road Com., 7th Floor, City-County 
ay Detroit 26, Mich. (Apr. ’57) 

oa Elwyn E., Supt., Vista 
Hgts. Water Dist., 295 View Fi., 
Salem, Ore. (Apr. ’57) M 

Blackwell, Edwin Hughes, Ap- 
plication Engr., Water & Waste 
Treatment Div., Bailey Meter Co., 
1050 Ivanhoe Rd., Cleveland, Ohio 
(Apr. ’57) RPD 

Blair, Elwin, Partner, Alvin Blair 
& Co., 244 Paul > Rochester 11, 
(Apr. 57) D 

Boden, Charles, Waterworks Supt., 
Saltfleet Water Area No. 4, Stoney 
Creek P.O., Ont. (Jan. 57) 


NEW MEMBERS 


Boonsboro Bd. of Water Comrs., 
Robert E. Lakin Jr., Chairman, 
aaa Md. (Corp. M. Apr. 


Richard A., Vice-Pres., 
Ltd., 
(Jan. 


Bramhall, 
S. Morgan Smith, Canada, 
330 Bay St., Toronto, Ont. 
57) PD 

Brennan, T. H.; see Cramet, Inc. 
(Tenn.) 

Brice, Lorrin S., Jr., Dist. Mar., 
B-I-F Industries, Inc., 
St., Albany 7, N.Y. (Apr. ’57) 

Brightman, Henry S8., Exec. Vice- 
Pres., Schmieg Industries, Inc., 


— 4701, Detroit 34, Mich. (Apr. 
7) 


British Columbia Water Rights | 
of Lands 
Hydr. | 


Branch, Dept. 
Forests, M. L. Zirul, Sr. 
Engr., Improvement Dist. Sec., 
Parliament Bldgs., Victoria, B. C. 
(Corp. M. Apr. ’57) D 

Brooks, James Orville, Supt., Wa- 
ter Services, Water, Light Power 
Springfield, Ill. (Apr. °57) 

Brown, J. Edwin, Civ. Engr., Had- 
din Davis & Brown Ltd., 1134— 
8th Ave. W., Calgary, Alta. (Jan. 
57) PD 

Browne, Thomas C.; see City of 
Colby (Kan.) 

Burchell, Ernest J., Sales Engr., 
Victaulic Co. of Canada, Ltd., 5181 
Wales Rd., Vancouver 16, B.C. 
(Jan. ’57) 

Callahan, Frank J., Director of 
Utilities, Lima, Ohio (Apr. ’°57) M 

Campbell, Robert E., Sales Engr., 

P. Smith Mfg. Co., 5845 Fair- 
fax Ave. S., inneapolis, Minn. 
(Apr. ’57) R 

Capps, Earl L., Vice-Pres., Valves, 
Inc., 11544 Perkins, Los Nietos, 
Calif. (Apr. ’°57) MD 

Capps, Paul E., Pres., Valves, Inc., 
11544 Perkins, Los Nietos, Calif. 
(Apr. MD 

Cassanos, James George, 85 
Pleasant St., Woburn, Mass. (Apr. 
57) RP 

Cavolt, Paul E., Sales Repr., Her- 

Co., 508 S. Monterey 
Monterey Park, Calif. 


Ching, Harold; see Kauai County 
(Hawaii) Waterworks 

Christolear, L. K.; 
Lamar (Colo.) 

Clapp, Leonard F., Supt. of Wa- 
ter, 48 Wheeler Ave., Pleasant- 
ville, N.Y. (Apr. ’57) MD 

Coghill, J. B.; see Savine River 
(Tex.) Works of E. I. DuPont 
Du Nemours & Co. 

Colby, City of, Thomas C. Browne, 
City Mgr., Colby, Kan. (Corp. 
M. Apr. ’57) 

Collins, Fred, Architect, 400 W. 
5th Ave., Gary, Ind. (Apr. ’57) 
Cox, William H.; see New Castle 

County (Del.) Water Co. 

Cramet, Inc., T. H. Brennan, Plant 
Engr., Chattanooga, Tenn. (Corp. 
M. Apr. ’57) P 

Crouch, Hubert J., Sales Engr., 
Infilco, Inc., Box 5033, ‘Tucson, 
Ariz. (Apr. ’57) P 


(Continued on page 96 P&R) 
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| Culbertson, Don M., Hydr. Engr., 


Water Resources Div., US Geo- 
logical Survey, 510 Rudge-Guenzel 
Bids. Lincoln, Nebr. (Apr. °57) 


Curtis, John Walther, San. Engr., 
Greeley & Hansen, 220 S. State 
St., Chicago 4, Ill. (Apr. ’57) PD 

Davis, John Elwood, Director, 
Haddin Davis & Brown Ltd., 1134 
—8th Ave., W., Calgary, Alta. 
(Jan. ’57) P 

DeSpain, Jean Leo, Prin. Engr., 
Olympia, Wash. (Apr. ’57) PD 

DeVore, Homer, Office Mgr., Carol 
City Utilities, Inc., Box 1267, 
Opalocka, Fla. (Apr. ’57) MPD 

Dibble, Edward Fitzgerald, Cons. 
Engr., 104 W. Citrus Ave., Red- 
lands, Calif. (Apr. ’57) MRD 

Dolph, Russell L., Water Supt., 
424 Coolbaugh St., Red Oak, Iowa 
(Apr. ’57) MD 

Domas, Joseph J., Chief, Bureau 
of Design & Constr., Hackensack 
Water Co., 4100 Park Ave., Wee- 
hawken, N.J. (Apr. ’57) MD 

Durnin, George, Design Engr., 
Lescon, Ltd., Box 20, Don Mills, 
Ont. (Jan. ’57) 

Elliot, Edwin, Pres., Edwin Elliot 
& Co., Inc., 560 N. 16th St., 
Philadelphia, Pa. (Apr. ’57) D 

El Paso Natural Gas Co., A. H. 
Viescas, Supervisor Engr., Box 
1492, El Paso, Tex. (Corp. M. 
Apr. ’57) 

Erickson, David M., Sales Engr., 
Layne-New York Co., Inc., 150 
Denton Ave., New Hyde Park, 
N.Y. (Apr. ’57) RP 

Farmer, Edward Jack, Research 
Asst., Dept. of Economics, Colo- 
rado State Univ., Fort Collins, 
Colo. (Apr. ’57) R 

Feustel, Fred; see Fort Wayne 
(Ind.) City Utilities 

Forbes, Cecil M., Jr., Sales Engr., 
James B. Clow & Sons, Inc., 224 
N. 3rd St., Jacksonville Beach, Fla. 
(Apr. D 

Fort Wayne City Utilities, Fred 
Feustel, Gen. Supt., 308 E. Berry 
St., Fort Wayne, Ind. (Munic. Sv. 
Sub. Apr. ’57) MD 

Fox, Glenn J., Tenn. Coal & Iron 
Div., US Steel Corp., Fairfield, Ala. 
(Apr. M 

Francis, James Gordon, Civ. Eng. 
Assoc., Dept. of Water & Power, 
207 Broadway, Los Angeles, 
Calif. (Apr. ’57) 

Fulton, George P., Chief Hydrau- 
lic Engr., Brown & Blauvelt, 468 

4th Ave., New York, N.Y. (Apr. 
’S7)PD 

Garcia, Jose Raul, Cons. Engr., 
Edificia La Metropolitana #208, 
Havana, Cuba (Apr. '57) MD 

Gentry, Willis E., Chief Engr., 
Brackenridge Park Station, 2300 
— B, San Antonio, Tex. (Apr. 
’ 7) 

Gibbs, L. 
Chehalis 
(Apr. 

Glacken, John Francis, Chief 
Engr., Water Dept., 250 Fresh 
Pond Pkwy., Cambridge, Mass. 
(Apr. ’57) MRPD 


C., City Engr., 1056 
Ave., Chehalis, Wash. 
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CHAPMAN 


Beamed Waterway 
Gate Valve 


Here’s the point. On a Chapman 
Beamed Waterway Gate Valve in the 
partly opened position, there is six to 
ten times more contact bearing sur- 
face than with any other double disc 
parallel seat or square bottom gate 
valve. They’re rugged. They’re built 
for service. For filtration plants, wash 
water service, or other similar limited 
throttling use, they’ll last for decades 
with little or no maintenance. 


Operation is always smooth. There’s little or no leakage.. The seats are 
tight and snug. And they have bronze bearing surfaces on beams and down- 
stream disc for longer life and better performance. 

All sizes with any method of operation you need are available. You'll see 
more about them in our Catalog No. 45. Write for your copy now. 


We 


The CHAPMAN 
VALVE MANUFACTURING CO. 
INDIAN ORCHARD, MASSACHUSETTS 
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(Continued from page 94 P&R) 


Glencoe, Village of, James A.| Hanat, E. H., Development Engr., ; Hockaday, Alfred E., Sales Repr., 
Williams, Director of Public Works, Salem-Brosius, Inc., Arch St., Car- Kennedy Valve Mfg. Co., Elmira, 
Village Hall, Glencoe, Ill. (Corp. negie, Pa. (Apr. ’57) PD | N.Y. (Apr. ’57) PD 
M. Apr. ’57) MP Hannam, John W., Water Supt., | Honeycutt, Frank C., Jr., Design 

Goddu, Robert F.; see Kennett Woodland, Wash. (Apr. ’57) Engr., Forrest & Cotton, 600 
Square (Pa.) Water Dept. MRPD Vaughn Bldg., Dallas 1, Tex. (Apr. 

Golden, Thomas P.; see Russels | Hausner, E. H., Mayor, Sinclair, 57) PD 
Point (Ohio) Waterworks Wyo. (Apr. ’57) P Howlett, E. Stanley, Supt., Filter 

Golitz, Helmut H.; see Sonoma| Hawkinson, Gilbert L., Dist.| Plant, Raymond St., Potsdam, N.Y 
Water & Irrigation Co. (Calif.) Service Engr., The Flox Co., Inc.,| (Apr. ’57) MPD 

Goode, Arlie H., Secy.-Treas 1409 Willow St., Minneapolis, | Huffine, Herbert T., Salesman, 
Yocum & Goode, Inc. 420 Lexing- | Minn. (Apr. °S7) P 
ton Ave., New York, N.Y. (Apr.| Hyman, Albert A., Design Engr.,| piu¢chins. Harry ; i 
7 | , y, Pumping Station 
57) Underwood McLellan & Assoc., 207 Supervisor, Water Dept., E. 2626 

a Ave., Spokane, Wash. (Apr. 

7) 


Grasmere, Robert H., Owner-Mgr., | Silver Hgts. Shopping Centre, Win- 
Mountain Soft Water Service, 6| "ipes 12, Man. (Jan. '57) 
W. Parker Ave., Maplewood, N.J. | Haysville, City of, John W. Trout | 
(Apr. ’57) RP Jr., Mayor, 245 Grand Ave., Hays- | Meters & Pumping Stations, 20 E. 

Graver Tank & Mfg. Co., Calvin | ry Kan. (Corp. M. Apr. ’57)| Salem Ave., Roanoke, Va. (Apr. 
G. Miller, Asst. to the Sales Mgr., | RD 
4809 Tod Ave., East Chicago, Ind. | Hearn, Kenneth H., Mfger’s Repr., | Iraq Directorate General of Mu- 
(Assoc. M. Apr. ’57) | K. H. Hearn Co., Box 2207, Mar-| nicipalities, A. Razak Shikarah, 

Greenhill, Jerome Harry, 6234 tinsville, Va. (Apr. ’57) D | Director General of Municipalities, 

. 2nd Ave., Miami 38, Fla. | Hickok, Eugene A., Ground-Water | Ministry of Interior, Baghdad, 
. $7) PD | Geologist, Leggette, Brashears & Iraq (Munic. Sv. Sub. Apr. ’57) 
Carl, Supt., Water Works, Graham, 551—Sth Ave., New York, | Irwin, William, Water Works 
Colesburg, Iowa (Apr. ’57) PD N.Y. (Apr. ’57) R | Engr., Oelwein, lowa (Apr. ’57) D 

Haas, Clarence Charles, Sales | Hintgen, H. T., City Auditor, City | Jackson, James 0O., Pres., Eng. 
Engrs., Layne Western Co., 4430 Hall, Wahpeton, N.D. (Apr. oy Development Co., Box 249, Cora- 
Commercial Ave., Omaha, Neb. M | opolis, Pa. (Apr. ’57) PD 
(Apr. ’57) |Hoatson, Donald Alexander, Johnson, Richard F., Sales Repr., 

Hall, Lewis Watson, Cons. Engr.,| Chem. Engr., Babcock & Wilcox | Ludlow Valve Mfg. Co., Inc., 8916 
5601 Country Blvd., Little Rock,| Atomic Energy Div., 1201 Kemper | Oakland Ave., Minneapolis, Minn. 
Ark. (Apr. ’57) PD | St., Lynchburg, Va. (Apr. °57) P| (Apr. ’57) D 


Hylton, Carmon E., Supt. of 


(Continued on page 98 P&R) 


BELL JOINT 
LEAK CLAMPS 


GASKET SEALER 
COMPOUND 
C-1-60 CAST 
IRON BOLTS 


Carson glands and bolts 
made of corrosion-resistant 
C-I-60 cast iron—last as long 
as cast iron pipe. Glands ac- 
commodate variations in pipe 
dimensions, insure uniform 
compression of rubber gasket. 
WRITE TODAY 

For 


108 PAGE CATALOG H. Y¥. CARSON COMPANY 
W.S. DARLEY & CO. Chicago 12 1221 Pinson St. Birmingham, Ala. 


Write for information 
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Four 12” influent, pneumatically- 
\ Chemical Operated R-S Butterfly Vaives 
liding dulated from water surface 


f on filter bed. 
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é 


12° R-S . S 


influent valve ™ Four 12" effluent, pneumatically- 

4 operated R-S Butterfly Valves 
operated by rate-of-flow con- 

i ‘ trollers from water surface in 

18° R-S reservoir. 


iy wash drain valve ; 
Filtration 
Building 
12° R-S Clear Water 
vaives wash right 3 Reservoir 

4 and wash left SX 

wash control valve 


10” rate-of-flow controller 


12” R-S 
effluent valve 


Supply Mains 


Plant from sketches by Dale H. Rea, 


of Dur 


R-S Butterfly Valves used 
exclusively at Durango, Colorado, 


TO GIVE CLOSE FLOW CONTROL 


Durango, Colorado’s 8.7 mgd water treatment plant operates 
automatically. But accurate flow control is necessary in 
this gravity system if the proper rate of flow in the treatment 
process is to be maintained. R-S Rubber-Seated Butterfly 
Valves were chosen to do this job. Their angle seating pro- 
vides more desirable control characteristics. It means more 
precise regulation over a greater range than is available with 
90° seated valves. 25 R-S Rubber-Seated Butterfly Valves, 
ranging from 12” to 18” in size, are installed here. 


To obtain full information on the full SMS line — Butterfly 
Valves, Rotovalves and Ball Valves—contact our nearest 
representative or write S. Morgan Smith Co., York, Penna. 


AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


Rotovaives Ball Valves R-S Butterfly Valves Free-Discharge 
Valves * Liquid Heaters * Pumps « Hydraulic Turbines & Accessories 
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Kneale, James Bradford, Asst. 
San. Engr., State Dept. of Health, 
Ohio Department Bldg., Columbus, 
Ohio (Apr. ’57) P 

Koike, Tsuneo, Civ. Engr., Hutch- 
inson Sugar Co., Ltd., Naalehu, 
Hawaii (Apr. ’57) D 

Korab, Harry Edward, Tech. Di- 
rector, American Bottlers of Car- 
bonated Beverages, 1128—16th St., 
N.W., Washington 6, D.C. (Apr. 
P 

Lake, Milton H., Sales Engr., 
Armco Drainage & Metal Products 
of Canada, 37 Higgins Ave., Win- 
nipeg, Man. (Jan. ’57) 

Lakin, Robert E., Jr.; see Boons- 
boro (Md.) Bd. of Water Comrs. 

Lamar, City of, L. K. Christolear, 
Supt., 106 W. Elm, Lamar, Colo. | 
(Munic. Sv. Sub. Apr. ’57) MRPD | 

Laughlin, Angus A., Mgr. Mani- 
toba Branch, Haddin, Davis &| 
Brown Ltd., 201 Avenue Bidg., | 
Winnipeg, Man. (Jan. ’57) 

Leach, Arthur H., Civ. Engr., | 
3880 Grotto Rd., Bridgeport, Mich. 


Munic. 
King & 
Pa. (Apr. 


Jones, Donald K., Supt., 
Water Filtration Plant, 
Pottstown, 


Kanen, John D., Township of 
Thorold, Allanburg, Ont. (Jan. ’57) 

Karasch, Kenneth A., Civ. Engr. 
Ill, Milwaukee, Wis. (Apr. °57) 
MRPD 


Kauai County Waterworks Bd., 
Harold Ching, Box 146, Lijue, 
Kauai, Hawaii (Munic. Sv. Sub. 
Apr. ’57) 

Kaufman, A. A., City Engr., W. 
wa St., Humboldt, Kan. (Apr. 

7 


Water Plant 
(Apr. ’57) 


Clerk, Meter 
Denver, Colo. 


Keim, John, Munic. 
Operator, Carmi, IIl. 
MP 


Keith, J. Glenn, Sr. 
Dept., Water Dept., 
(Apr. ’57) MPD 

Kennett Square Water Dept., 
Robert F. Goddu, Chairman, Ken- 
nett Square Borough Council, Ken- 
nett Square, Pa. (Munic. Sv. Sub. | 
Apr. MRPD 

Kinkade, George S., Jr., Office (Apr. ’57) MRD 
Mgr., W. Keansburg Water Ny Lee, Robert E., Civ. En r., 307 N. 
M.B. Box 155 B., Green Bay, Wis. (Apr. 
(Apr. F. 

Kline, Kenneth Lee, Account! Lenain, Gus F., Water Supt., 
Exec., W. L. Towne, 10 E. 40th S. Los Angeles St., 
St., New York, N.Y. (Apr. ’57) M (Apr. 57) MRD 


518 | 


Anaheim, Calif. | 
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Lester, Horace B., Cons. Engr., 
Lester Eng. Co., 5144 E. Amite 
St., Jackson, Miss. (Apr. ’57) RPD 

Light, Michael Abraham; see 
South Florida Public Service Co. 

Lipinski, John W., Asst. Secy., 
Hackensack Water Co., 4100 Park 
ae Weehawken, N.J. (Apr. ’57) 


Emmett F., Asst. Water 
Engr., Munic. Water Dept., City 
Hall, Cajon & Vine, Redlands, 
Calif. (Apr. ’°57) MRPD 

Lunetta, Anthony M., Hydr. 
Engr., Bergen County Eng. Dept., 
Hackensack, N.J. (Apr. R 

Lyons, W. Lloyd, Asst. Director 
of Operations, Water Dept., 2800 
Airport Way, Seattle 4, Wash. 
(Apr. MRD 

Maness, John B., A.B.C. Water 
Co., Barling, Ark. (Apr. ’57) D 

Marley, Walter Martin, Sr. Engr., 
Metropolitan Water Dist. of South- 
~y Calif., Rm. 1112, 306 W. 3rd 

Los Angeles, Calif. (Apr. ’57) 
PD 

ina Fred Ray, Pres., F. Ra 
Martin Engrs., Inc., 407 N. 8t 


Lowry, 


Png Henry L., Asst. Chemist, 
Water Dept., 577 Fairfield, N.E., 
Warren, Ohio (Apr. ’57) P 


NEW BEAUTY 
THROUGH COLOR 


e@ Painted a delicate green, using green alu- 
minum paint, the 500,000 gallon COLE ova- 
loid tank shown herewith blends with the 
foliage, and gives a new attractiveness to a 
community’s water reserve. 

The “COLE Ovaloid” is an outstanding type 
for municipal service in capacities to meet 
requirements. Provided on structural or tubu- 
lar towers, they are neat in appearance with 
minimum maintenance. Stored water is con- 
tained in a shallow depth to maintain an 
almost constant pumping head. 

A COLE tank can solve your municipality’s 
water supply and distribution problem. Write 
for a copy of Tank Talks. 


MANUFACTURyy 


YEWNAN, GEOR 


R. D. COLE MANUFACTURING CO. 
NEWNAN, GEORGIA 


- 
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The combined capacity of Roberts- 
equipped filtration plants is well over 
6 billion gallons (5,000,000,000) per 
day. Regardless of the size of the 
plant or the nature of the filtration 
problem, Roberts Filter can be 
depended upon for equipment that 
is reliable in years of service. 


SWIMMING POOL 
RECIRCULATING SYSTEMS 


The combination of thoroughly clari- 
fied water and efficient recirculation 
are features for which Roberts pools 
are famous. Systems for both outdoor 
and indoor pools are designed and in- 
stalled by men long experienced in 
the conditions peculiar to a success- 
ful swimming pool installation. 


Water treatment has long been a 
specialty of Roberts Filter. Zeolite 
water softeners are guaranteed to 
meet all requirements for which 
recommended, and are available in a 
wide range of capacities. Roberts 
water conditioning equipment is 
widely used to control precisely the 

red chemical content of water 
for industrial use. 


PRESSURE FILTERS 


Closed pressure filters have wide 
usage where gravity filters are not 
justified. Roberts vertical filters are 
available in standard types from 12” 
to 96” diameter; horizontal pressure 
filters are all 8’0” in diameter and in 
varying lengths from 10’0” to 25’0”. 


When you think of good water—think of Roberts Filter 


Roberts Filter 


Manufacturing Company Darby, Penna. 
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Martin, Ignacio, Partner, Saenz- 
Cancio-Martin, Ave. de la Inde- 
pendencia 774, Ensanche del Ve- 

> Habana, Cuba (Apr. ’57) 


Matthews, D. J., Pres., Matthews 
Const. Co., Ltd., 406 Princess 
Ave., London, Ont. (Apr. ’57) 

McCarthy, Richard James, Mgr., 
Pipelining Div., United Concrete 
Pipe Corp., Box 425, Baldwin 
Park, Calif. (Apr. ’57) F 

McLaughlin, Andrew T., Gen. 
Mer., N. Marin County Water 
Dist., 834 Vallejo Ave., Novato, 
Calif. (Apr. M 

Mercer, Robert Tressler, Pres., 
Robert T. Mercer, Inc., 2121 Queen 
Anne Ave., Seattle 99, Wash. (Apr. 
57) PD 

Merwin, Daniel G., Admin. Engr., 
Water Works, Rm. 134, City Hall, 
Cincinnati 2, Ohio (Apr. ’57) M 

Metz, J. Robert, Authority Engr., 
Southeastern Oakland County Wa- 
ter Authority, Box 184, Royal Oak, 
Mich. (Apr. ’57) D 

Meyer, Robert E., Project Engr., 
Stevens & Thompson, 2234 S.W. 
5th, Portland, Ore. (Apr. ’57) PD 

Miller, Calvin G.; see Graver Tank 
Mfg. Co. (Ind.) 

Miller, Rube L., Repr., Worthing- 
ton-Gamon Meter Div., 2616 West- 
= Ave., Seattle, Wash. (Apr. ’57) 


Lawrence A., Safety Super- 
2800 Airport 
(Apr. 757) 


Moll, 
visor, Water Dept., 
Way, Seattle, Wash. 
MD 


Montell, Bert S., Secy., Thermo- 
plastics Pipe Div., Society of the 
Plastics Industry, Inc., 250 Park 
New York, N.Y. (Apr. ’57) 


Morris, Reaves Floyd, Sales Engr., 
Wallace & Tiernan, Inc., 9702 
Cloister Dr., Dallas 28, Calif. 
(Apr. ’57) PD 

Mosher, Lloyd William, Cons. 
Engr., 14050 W. McNichols Rd., 
Detroit 35, Mich. (Apr. ’57) 
MRPD 

National Tank Maintenance 
Corp., Allen Whitfield, Pres., 
1617 Crocker St., Des Moines, 
Iowa (Assoc. M. Apr. ’57) 

Neher, Water Dist., 

Wash. 57) M 

Nelson, King Lee, Sales Repr., 
Johns-Manville Sales Corp., 301 
Continental Oil Bldg., Denver, 
Colo. (Apr. ’57) D 

New Castle County Water Co., 
William H. Cox, Megr., 85 Mar- 
rows Rd., Brookside Park, Newark, 
Del. (Corp. M. Apr. ’57) MRP 

Nord, Robert A., San. Engr., 
Bureau of San. Eng., State Bd. of 
Health, Jacksonville, Fla. (Apr. 
RPD 

Nunn, Herbert R., Asst. Director 
of Public Works, 716 bie 
Vancouver, Wash. (Apr. ’57) 


Civ. 


Hall 
New 


O’Connor, John Thomas, 
Engr., Parsons, Brinckerhoff, 
& MacDonald, 55 Broadway, 
York, N.Y. (Apr. ’57) P 


NEW MEMBERS 
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Oklahoma State Bd. of Public 
Affairs, State Engr., Rm. 310, 
State Capitol Bldg., Oklahoma 
ae Okla. (Corp. M. Apr. ’57) 


Orr, George W., Chief Draftsman, 
American Water Works Service Co., 
Inc., 3 Penn Center Plaza, Phila- 
delphia, Pa. (Apr. ’57) MP 

Ort, Don R., Asst. San. Engr., 
State Bd. of Health, N.E. Branch 
Office, 1700 N. Harrison, Fort 
Wayne, Ind. (Apr. ’57) P 

Oslund, George R., Water 
ba Div., Spokane, Wash. 

Palladino, Anthony J., San. Engr., 
524 Oak St., Kalamazoo, Mich. 
(Apr. ’57) P 

Parker, Richard A.; see City of 
San Clemente (Calif.) 

Parlett, Jack Knight, Mgr., Wa- 
ter Conditioning Div., Arundel Gas 
sy Edgewater, Md. (Apr. ’57) 


Engr., 
(Apr. 


Parnell, Roy 0O., Repr., Gamon 
Meter Div., Worthington Corp., 
2616 Western Ave., 
(Apr. ’57) D 

Pollard, Alva L., Jr., 1521 N.W. 
45th St., Oklahoma City 18, Okla. 
(Apr. $7) RPD 

Polster, Jerome I.; see Twinsburg 


Water 
Potter, Lehn John, Civ. Engr., 
Harold F. Hamill, Civ. Engr., 292 
S. Main St., Plymouth, Mich. 
(Apr. RP 
Rash, Elbert G., City Supt., 
(Apr. 


Box 
57) 


Ray, Marvin E., Public Works Di- 
rector, Box 642 Modesto, Calif. 
(Apr. ’57) MRD 

Raymond, John Arthur, Field 
Engr., c/o Pitometer Assocs., 50 
Church St., New York, N.Y. (Apr. 
MP 

Reis, Victor 
Co., Locust St., 
(Apr. ’57) 

Rippe, Arthur Orrin, Repr., Johns- 
Manville Sales Corp., 301 Con- 
tinental Oil Bldg., Denver, Col. 
(Apr. ’57) D 

Robertson, John Hayes, Design 
Engr., 47 Bldg. Eng. Dept., Dow 
Chem. Co., Midland, Mich. (Apr. 
57) RPD 

Robinson, William Harold, Dist. 
Engr., Surface Water Branch, US 
Geological Survey, Box 2052, Jack- 
son 5, Miss. (Apr. ’57) R 

Roddy, James J., Asst. Utilities 
Engr., State Public Utilities Com., 
State Bldg., San Francisco, Calif. 
(Apr. 

Rodriguez, Raul, Chem. Engr., 
San. Eng. Branch, wosy Ft. Bel- 
voir, Va. (Apr. ’57) R 

Round, Stuart W., yd 2 gr., 
Tonawanda, N.Y. (Apr. 

Rucker, C. V., Product Engr., 
James B. Clow & Sons, Inc., 
Coshocton, Ohio (Apr. ’57) D 

Russells Point Waterworks, 
Thomas P. Golden, Supt., Box 394, 
Russels Point, Ohio (Corp. M. Apr. 


G., Johnstown Water 
Johnstown, Pa. 


MD 
(Continued on page 102 P&R) 


Seattle, Wash. | 
| Seribner, Charles B., Lab. Asst., 
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Sabine River Works of E. I. 
DuPont De Nemours & Co., 
J. B. Coghill, Box 2027, Orange, 
Tex. (Corp. M. Apr. 57) 

San Clemente, City of, Richard 
A. Parker, Supt., Water & Sani- 
tation, 408 N. El ‘Camino Rd., 
Clemente, Calif. (Corp. M. Apr. 


Sandoval, Hernan, Supt. of Munic. 
Water Works, Apdo. Aereo 1300, 
Cali, Columbia (Apr. ’57) RPD 

Santa Maria, City of, Jesse D. 
Smith, Water Production Foreman, 
110 E. Cook St., ta Maria, 
Calif. (Munic. Sv. Sub. Apr. ’57) 


Schaefer, Charles A., Sr. 


. of Health, “410 
. Sth, Austin, Tex. (Apr. ’57) 
MRPD 

Schmitz, Albert L., Const. Engr., 
Water Works, City Hall, Milwau- 
kee, Wis. (Apr. ’°57) MD 

Schuchs, Eugene B., Foreman of 
Supply, Baton Rouge Water Works 
Co., Drawer 2391, Baton Rouge, 
La. (Apr. ’57) RP 
Water Dept., Denver, Colo. (Apr. 
57) P 

Secrest, William G., Supervisor, 
Water Div., 730 E. Delhi Rd., 
Santa Ana, Calif. (Apr. ’57) M 

Seeterlin, James E., Clerk, Water- 
ford Township, 4995 W. Huron, 
Pontiac, Mich. (Apr. ’57) MR 

Sharpe, W. L., City Engr., Wey- 
burn, Sask. (Apr. ’57) 

Shikarah, A. Razak; see Iraq 
Directorate General of Municipali- 

Smith, George V., Supt., Water 
Dept., 217 S.E. 4th St., College 
Place, Wash. (Apr. ’57) MD 

Smith, Jesse D.; see City of Santa 
Maria (Calif.) 

Smith, Milton M., Distr. Foreman, 
Water Div., 5228 S. M St., Ta- 
coma, Wash. (Apr. ’57) 

Sonoma Water & Irrigation Co., 
Helmut H. Golitz, Gen. Mgr., Box 
278, El Verano, Calif. (Corp. M. 
Apr. ’57) MPD 

South Florida Public Service 
Co., Michael Abraham Light, Vice- 
Pres., 1491 N.W. 20th St., _ 
Fla. (Corp. M. Apr. ’57) M 

Stafford, Everett Bates, 
Public Works, Statesville, N.C. 
(Apr. ’°57) MRPD 

Stell, Clyde Benson, Resident 

ngr., Freese & Nichols, 407 
Danciger Bidg., Fort Worth, Tex. 
(Apr. ’57) P. 

Stephenson, : Leo, Water Works 

Wheatland, Ind. (Apr. ’57) 


Stinson, Don L., John Wiley Jones 
Co., Box 29, Wyandotte, Mich. 
(Apr. ’57) P 

Stockman, Richard C., Magar., 
Berkeley Office, John A. Carollo, 
2168 Shattuck Ave., Berkeley 4, 
Calif. (Apr. ’°57) RPD 

Storke, Charles B., Asst. Opera- 
tor, Water Dept., Brigantine, N.J. 
(Apr. M 
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CHEMICAL 
STORAGE 


RECORDER 
CONTROLCER 


CONTROLLED VOLUME PUMP 


Variable stroke Controlled 
Volume Pump in a simple 
PH control system. 


Milton Roy Controlled Vol- 
ume Pump with pneumatic 
stroke length adjustment. 


Use Controlled Volume Pumps for 
accurate, automatic pH control 


Controlled Volume Pumps both 
meter and pump measured volumes 
of water-treating chemicals within 
an accuracy of + 1%. This accu- 
racy makes possible extremely close 
regulation of pH when Controlled 
Volume Pumps are used as final 
control elements to regulate pH 
automatically. 


In the typical pH control system 
illustrated, where main line flow 
rate is constant, a pH controller 
signals deviations from the pH con- 
trol point. This signal automatically 
adjusts pump length to proportion 


the addition of control agent to 
process demand. Pump capacity can 
be adjusted pneumatically or elec- 
trically. 


Control of pH is but one of many 
water-treating applications served 
profitably by Milton Roy Con- 
trolled Volume Pumps. For addi- 
tional information, write for Bulle- 
tin 953, ‘“Controlled Volume Pumps 
in Water Treating Systems.” 


MILTon Roy Company, Manufac- 
turing Engineers, 1300 East Mer- 
maid Lane, Philadelphia 18, Pa. 


Engineering Representatives in the 
United States, Canada, Mexico, Asia, 
Europe, South America, Africa, Australia. 
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(Continued from page 100 P&R) 


Stormont, Glenn I., Elec. Engr.,; Vieseas, A. H.; see El] Paso (Tex.) | Williams, James A.; see Village o 
Supply, Natural Gas Co. | Glencoe (IIl.) 
olph, Detroit ° ich. (Apr. | Wascher, Edwin, Supt., Wenatchee | : 
S57) PD Valley Water Co. Rie. 2, Box | “sia: Dougiae Munic. Engr 
Sudderth, Earle W., Owner, Koch 2480, Wenatchee, Wash. (Apr. ’57) | (Jan. ’57) i ‘ 
Fowler, 3900 Lemmon Ave.,| Weaver, H. B., Jr., Sales Engr., 
Dallas, Tex. (Apr. ’57) PD James B. Clow & Sons, Inc., Box Wilson, Ronald V., Supt., King 
Swartz, Jacque W., Sgt of | 2542, Birmingham 2, Ala. (Apr. | County Water Dist. No. 97, 1545 
Pumping & Maintenance, Hacken- 57) PD Lake Hills Blvd., Bellevue, Wash 
sack Water Co., 4100 Park Ave.,| Weir, Frank F., Mgr., T. Mc-| (Apr. '57) M 
Weehawken, NJ. (Apr. ’57) M Avito & Sons, Ltd., 171 Market St.,| Wissmiller, Edward L., Tech 
Taylor, L. R., Waterworks Supt., E., Winnipeg, Man. (Apr. ’57) | Eng., Remote Recorder Co., 
4639—47th St., Red Deer, Alta. Weiss, Charles M., Assoc. Prof. Lowell St., Saginaw, Mich. 
(Jan. ’57) of San. Science, Dept. of San. Eng., 57) D 
Taylor, William H., Pres., Taylor School of Public Health, Univ. of Woods, 
Hoover, Inc., Box 325 E., Pasa- North Carolina, Chapel Hill, N.C.| Mger., 
dena, Calif. (Apr. ’57) (Apr. ’57) RP | Co., Ltd., 
Terrel, R. A., Water Supt., Rob-| Wharton, Jimmy L., Salesman,| ford, Ont. (Jan. ’57) PD 
ert’s Creek Water Dist., Rte. 1, Pipe Div., Johns-Manville Sales | Yee, Journ T., Project Mgr., Har- 
Box 1160, Roseburg, Ore. (Apr. Corp., 301 Continental Oil Bldg., land Bartholomew & Assocs., 125 
57) MRPD Denver, Colo. (Apr. ’57) RD | Bethel St., Honolulu, Hawaii (Apr. 
ngr., Dorr-Oliver, Inc., Barry PI., ng. Services, 2256 W. 12th Ave., | > lead 
Stamford, Conn. (Jr. M. Apr. Vancouver, B. C. (Jan. ’57) 
: Ave., New York, N.Y. (Apr. ’57) 
Thompson, Joseph, Eastern Whitfield, Allen; see we Paul C E 
Illinois Water Treatment Co., 8 Tank Maintenance Corp. (Iowa) | Paul Z rong A Co. 5 0: Mek. 
Cedar St., Rockford, Ill. (Apr. $7) Wiedman, John Herman, Utili- | (Apr. 
P ties & Transportation Officer, US| 
Tooley, Lowell James, Asst. Vil- Naval Station, Key West, Fla. : ‘ 
lage Mgr., Village Hall, Scarsdale,| (Apr. ’57) MRPD Zeitler, Albert, Operator, Public 
N.Y. (Apr. ’57) MD | Wiese, Herman Benjamin, Supt | po a Treatment Plant, 324 , Hum- 
Treat, John W., Jr.; City| Public Works, Collinsville, Allenhurst, N.J. (Apr. 
of Haysville (Kan.) | (Apr. ’57) M tienen William, Water Plant Supt., 
Twinsburg Water Co., Jerome I. | Wilkinson, Dayid G., Sales Engr., Lewiston, Idaho (Apr. ’57) RP 
Polster, Pres., Rm. 605, Society The Foxboro Co., 2307 E. 8th St Zirul, M. L.; see British Columbia 
for a Bide. Cleveland, Ohio} Los Angeles 21, Calif. (Apr. 57) | Water Rights Branch, Dept. of 
(Corp. M. ’57) M PD | Lands & Forests 


KLETT SUMMERSON 


ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 

Can be used for any de- 

termination in which color 

or turbidity can be devel- 

oped in proportion to sub- 

stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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Into the ground 
with ease, 


and for keeps 


KeaM ASBESTOS CEMENT PIPE 


It's the modern pipe! Easy installation under 
any weather and ground conditions is just one 
of the advantages of K&M Asbestos-Cement 
Pipe. Other advantages: Permanently smooth 
non-tuberculating bore; non-corroding inner and 
outer surfaces; high resistance to electrolytic 
action; permanence of joint obtained quickly 
with exclusive K&M ‘“Fluid-Tite’® Coupling. 
K&M Pressure Pipe meets A.W.W.A., 
A.S.T.M. and U.S. Federal Specifications, and 
has Underwriters’ Laboratories approval for all 
sizes (pipe and couplings) in Class 150. 
FOR GRAVITY SEWER SYSTEMS, K&M Sewer 
Pipe is the low-cost answer. ‘‘Fluid-Tite’’ Coup- 
ling makes permanent tight joint, prevents 
infiltration and root entrance. 
FOR HOUSE-TO-SEWER CONNECTION, K&M 
Building Sewer Pipe and 2-Step couplings round 
After many years, K&M Pipe hasn't out the K&M family of asbestos-cement pipe. 


tuberculated, bore remains un- G hol h d : f 
changed, and full flow continues. et the whole story on the modern pipe from 
4 the K&M distributor. 


Oid-fashioned pipe tuberculates 

over the years, requires higher KEASBEY & MATTISON Company © Ambler, Pennsylvania 
pumping pressure, frequent In Canada, it's ATLAS ASBESTOS CO., Ltd., 5600 Hochelaga St., Montreal, P. Q. 
cleaning. for “CENTURY” Pipe and “FLUID-TITE” Couplings 
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ADVERTISERS’ PRODUCTS 
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Inder of Aduertiters’ Products 


Activated Carbon: 

Industrial Chemical Sales Div. 

Permutit Co. 

Activated Silica Generators: 

Omega Machine Co. (Div., B-I-F 
Industries) 

Wallace & Tiernan Inc. 

Aerators (Air Diffusers): 

American Well Works 

Carborundum Co. 

General Filter Co. 

Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 

Air Compressors: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Worthington Corp. 

Alum (Sulfate of Alumina): 

American Cyanamid Co., Heavy 
Chemicals Dept. 

General Chemical Div. 

Ammonia, Anhydrous: 

General Chemica! Div. 

John Wiley Jones Co. 

Ammoniators: 

Fischer & Porter Co. 

Proportioneers, Inc. 
Industries) 

Wallace & Tiernan Co., Inc. 

Ammonium Silicofluoride 

American Agricultural Chemical Co. 

Brass Goods: 

American Brass Co. 

M. Greenberg’s Sons 

Hays Mfg. Co. 

Mueller Co. 


(Div., B-I-F 


Brine-Making Equipment: 
International Salt Co., Inc. 


Calcium Hypochlorite: 
John Wiley Jones Co. 


Carbon Dioxide Generators: 
Infilco Inc. 
Walker Process Equipment, Inc. 


Cathodic Protection: 
Electro Rust-Proofing Corp. 
Harco Corp. 


Cement, Portland: 
Monolith Portland Midwest Co. 


Cement Mortar Lining: 
Centriline Corp. 


Chemical Feed Apparatus: 

Cochrane Corp. 

Fischer & Porter Co. 

Graver Water Conditioning Co. 

Infilco Inc. 

F. B. Leopold Co. 

Omega Machine Co. (Div., B-I-F 
Industries) 

Permutit Co. 

Proportioneers, Inc. 
Industries) 

Ross Valve Mfg. Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 


Chemists and Engineers: 
(See Professional Services) 


Chlorination Equipment: 

Builders-Providence, 
B-I-F Industries) 

Everson Mfg. Corp. 

Fischer & Porter Co. 


(Div., B-I-F 


(Div., 


Proportioneers, Inc. (Div., B-I-F 
Industries) 


Wallace & Tiernan Inc. 


Chlorine Comparators: 
Klett Mfg. Co. 
Wallace & Tiernan Inc. 


Chlorine, Liquid: 
John Wiley Jones Co. 
Wallace & Tiernan Inc. 


Clamps and Sleeves, Pipe: 
James B. Clow & Sons 

Dresser Mfg. Div. 

M. Greenberg’s Sons 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 
Smith-Blair, Inc. 

Trinity Valley Iron & Steel Co. 


Clamps, Bell Joint: 
James B. Clow & Sons 
Dresser Mfg. Div. 


Clamps, Pipe Repair: 

James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co. 


Clarifiers: 

American Well Works 
Chain Belt Co. 

Cochrane Corp. 
Dorr-Oliver Inc. 
Etablissements Degremont 
General! Filter Co. 
Graver Water Conditioning Co. 
Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 


IRON REMOVAL & 
WATER SOFTENING 


During 1956 we built a large number of dur- 
able and efficient low cost water treating 
plants for the removal of iron, manganese, 
hardness and other undesirable impurities. 
These plants operate automatically, require 
very little space and are unusually inexpen- 
sive to operate and maintain. 


Full Particulars on Request 


HUNGERFORD & TERRY, INC. 


CLAYTON 6&6, 


NEW JERSEY 
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Weve said along: 


TIME-IMPULSE 
TELEMETERING 
IS TOPS!! 


--- AND YOU'VE SAID IT TOO...WITH YOUR ORDERS!! 


In Builders Chronofio Telemetering Systems: The transmitting and 
receiving reactions depend only upon the positively controlled dura- 
tion of regular electric circuit closures and nothing more. 
*The Telemeter is a pure, positive-action positioning system. 
@ It does not have to translate units of electric measurement into terms of rate of 
flow or other factors measured. 
@ It requires no relatively delicate electric components. 
@ It doesn’t employ a series of contact rods “shorted out” by step-by-step action 
of rising mercury. 
@ It is not affected by normally encountered induced voltages. 
@ Receiver accuracy not affected by room temperature, line pressure, duration of 
“down time”, and similar factors. 
*The Chronoflo Receiver is mot inferentially positioned except with 
respect to time duration of the Transmitter signals. 
These are only a few reasons why time-impulse telemetering is “Tops”. 
Let the company which pioneered this system over 25 years ago and 
has the experience gained in engineering thousands of installations 
give you complete proof of its dependability and accuracy. 


inc, see | @)/BUILDERS-PROVIDENCE 


Harris Ave., Providence 1, R. I. B-I-F 
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Condensers: 

Alco Products, Inc. 

Allis-Chalmers Mfg. Co. 

United States Pipe & Foundry Co. 

Contractors, Water Supply: 

Layne & Bowler, Inc. 

Controllers, Liquid Level, 
Rate of Flow: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Fischer & Porter Co. 

Foxboro Co. 

General Filter Co. 

Infilco Inc. 

Minneapolis-Honeywell 
Regulator Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Copper Sheets: 

American Brass Co. 

Copper Sulfate: 

General Chemical Div. 

Phelps Dodge Refining Corp. 

Tennessee Corp. 

Corrosion Control: 

Alco Products, Inc. 

Calgon Co. 

Philadelphia Quartz Co. 

Couplings, Flexible: 

DeLaval Steam Turbine Co. 

Dresser Mfg. Div. 

Diaphragms, Pump: 

Dorr-Oliver Inc. 

Southern Pipe & Casing Co. 

Engines, Hydraulic: 

Ross Valve Mfg. Co. 

Engineers and Chemists: 

(See Professional Services) 

Feedwater Treatment: 

Allis-Chalmers Mfg. Co. 

Calgon Co. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. 
Industries) 

Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 

Anthracite Equipment Corp. 

Carborundum Co. 

Dicalite Div. 

General Filter Co. 

Infilco Inc. 

Johns-Manville Corp. 

Northern Gravel Co. 

Permutit Co. 

Carl Schleicher & Schuell Co. 

Stuart Corp. 

Filters, incl. Feedwater: 

Cochrane Corp. 

Dorr-Oliver Inc. 

Etablissements Degremont 

Graver Water Conditioning Co. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. (Div., 
Industries) 

Roberts Filter Mfg. Co. 

Ross Valve Mfg. Co. 

Filters, Membrane (MF): 

AG Chemical Co. 

Millipore Filter Corp. 

Carl Schleicher & Schuell Co. 

Filtration Plant Equipment: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Chain Belt Co. 

Cochrane Corp. 

Etablissements Degremont 

Filtration Equipment Corp. 

General Filter Co. 

Graver Water Conditioning Co. 


(Div., B-I-F 


B-I-F 


ADVERTISERS’ PRODUCTS 


Hungerford & Terry, Inc. 

Infilco Inc. 

F. B. Leopold Co. 

Omega Machine Co. (Div., B-I-F 
Industries) 

Permutit Co. 

Roberts Filter Mfg. Co. 

Simplex Valve & Meter Co. 

Stuart Corp. 

Wallace & Tiernan Inc. 

Fittings, Copper Pipe: 

Dresser Mfg. Div. 

M. Greenberg’s Sons 

Hays Mfg. Co. 

Mueller Co. 

Fittings, Tees, Ells, ete.: 

Alco Products, Inc. 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Crane Co. 

Dresser Mfg. Div. 

M & H Valve & Fittings Co. 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co. 

Flocculating Equipment: 

Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Infilco Inc. 

F. B. Leopold Co. 

Permutit Co. 

Stuart Corp. 

Fluoride Chemicals: 

American Agricultural Chemical Co. 

Davison Chemical Co. 

Fluoride Feeders: 

Fischer & Porter Co. 

Omega Machine Co. 
Industries) 

Proportioneers, Inc. 
Industries) 

Wallace & Tiernan Co., Inc. 

Furnaces: 

Jos. G. Pollard Co., Inc. 

Gages, Liquid Level: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Infilco Inc. 

Minneapolis-Honeywell 
Regulator Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Wallace & Tiernan Inc. 

Gages, Loss of Head, Pressure 
of Vacuum, Rate of Flow, 
Sand Expansion: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Foxboro Co. 

Infilco Inc. 

Minneapolis-Honeywell 
Regulator Co. 

Jos. G. Pollard Co., Inc. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Gasholders: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mig. Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Gaskets, Rubber Packing: 

James B. Clow & Sons 

Johns-Manville Corp. 

Gates, Shear and Sluice: 

Armco Drainage & Metal Products, 


Inc. 
Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Mueller Co. 
R. D. Wood Co. 


(Div., B-I-F 
(Div., B-I-F 
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Gears, Speed Reducing: 

DeLaval Steam Turbine Co. 

Worthington Corp. 

Glass Standards—Colorimetric 
Analysis Equipment: 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 

Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Hays Mfg. Co. 

Mueller Co. 

Hydrants: 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

M. Greenberg’s Sons 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Rensselaer Valve Co. 

R. D. Wood Co. 

Hydrogen Ion Equipment: 

Wallace & Tiernan Inc. 

Hypochlorite; see Calcium 
Hypochlorite; Sodium Hy- 
pochlorite 

lon Exchange Materials: 

Allis-Chalmers Mfg. Co. 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Iron, Pig: 

Woodward Iron Co. 

Iron Removal Plants: 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Jointing Materials: 

Hydraulic Development Corp. 

Johns-Manville Corp. 

Keasbey & Mattison Co. 

Leadite Co., Inc. 

Joints, Mechanical, Pipe: 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co. 

Leak Detectors: 

Jos. G. Pollard Co., Inc. 

Lime Slakers and Feeders: 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Omega Machine Co. (Div., B-I-F 
Industries) 

Permutit Co. 

Wallace & Tiernan Inc. 

Magnetic Dipping Needles: 

W. S. Darley & Co. 

Meter Boxes: 

Ford Meter Box Co. 

Pittsburgh Equitable Meter Div. 

Meter Couplings and Yokes: 

Badger Meter Mfg. Co. 

Dresser Mfg. Div. 

Ford Meter Box Co. 

Hays Mfg. Co. 

Hersey Mfg. Co. 

Mueller Co. 


| 


tric 


out 


Jul. 1957 


JOURNAL AWWA 


DELIVERING 
WATER CHEAPER 


Side-boom tractor lowers 
a length of steel pipe in- 
to position, ready to be 
permanently joined with 
Dresser Couplings, in this 
Tulsa, Oklahoma, project. 
Steel pipe and Dresser 
Couplings reduced joint- 
ing time greatly. 
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Using torque wrenches, installation crews 
made permanent, bottle-tight joints with 
Dresser Couplings in as little as two man- 
minutes per bolt. 


Rapidly growing Tulsa, Oklahoma, is 
solving its water distribution problems 
today and far into the future with new 
Dresser-Coupled steel mains. The latest 
addition to the city’s water system is a 
614-mile main, 48” ID. 

The 150-psi line runs through resi- 
dential areas and crosses many existing 
water, gas and sewage lines, plus making 
5 railroad, 5 arterial street, and 2 high- 
way crossings ... all presenting numer- 
ous installation problems. In spite of 
all these difficulties, the line was com- 
pleted in 6 months. The Smith & Glade 
Construction Company, contractors on 


Dresser Couplings Speed Up Tulsa Water 
Main Installation 


the job, credited Dresser Couplings with 
making this fast installation possible. 

Because of Dresser Couplings, the 
completed line will resist surface loads 
and vibration, provide trouble-free serv- 
ice, and deliver water cheaper to the 
people of Tulsa for generations to come. 
Wherever water is needed, it pays to 
deliver it through steel pipe with Dresser 
Couplings. Dresser Manufacturing Divi- 
sion, Bradford, Pa. Sales offices in: New 
York, Philadelphia, Chicago, 
S. San Francisco, Houston, 
Denver. In Canada: Toronto 
and Calgary. 
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Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Worthington-Gamon Meter Co. 

Meter Reading and Record 
Books: 

Badger Meter Mfg. Co. 

Meter Testers: 

Badger Meter Mfg. Co. 

Ford Meter Box Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Meters, Domestic: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Hersey — Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co. 

Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc. 
B-I-F Industries) 

Foster Eng. Co. 

Infilco Inc. 

Regulator Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Meters, Industrial, 
celal: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Builders-Providence, 
B-I-F Industries) 

Fischer & Porter Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co. 

Mixing Equipment: 

Chain Belt Co. 

General Filter Co. 

Infilco Inc. 

F. B. Leopold Co. 

Paints: 

Barrett Div. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Pipe, Asbestos-Cement: 

Johns-Manville Corp. 

Keasbey & Mattison Co. 

Pipe, Brass: 

American Brass Co. 

Pipe, Cast Iron (and Fittings) : 

Alabama Pipe Co. 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co. 


(Div., 


Commer- 


Inc. (Div., 


Pipe, Cement Lined: 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

United States Pipe & Foundry Co. 

R. D. Wood Co. 

Pipe, Concrete: 

American Concrete Pressure Pipe 
Assn. 

American Pipe & Construction Co. 

Lock Joint Pipe Co. 

Pipe, Copper: 

American Brass Co. 

Pipe, Steel: 

Alco Products, Inc. 

Armco Drainage & Metal Products, 


Inc. 
Bethlehem Steel Co. 


ADVERTISERS’ PRODUCTS 


Pipe Cleaning Services: 

Ace Pipe Cleaning, Inc. 

National Water Main Cleaning Co. 

Pipe Cleaning Tools and 
Equipment: 

Flexible Inc. 

Pipe Coatings and Linings: 

American Cast Iron Pipe Co. 

Barrett Div. 

Cast Iron Pipe Research Assn. 

Centriline Corp. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Reilly Tar & Chemical Corp. 

Pipe Cutters: 

James B. Clow & Sons 

Ellis & Ford Mfg. Co. 

Jos. G. Pollard Co., Inc. 

Reed Mfg. Co. 

A. P. Smith Mfg. Co. 

Spring Load Mfg. Corp. 

Pipe Jointing Materials; see 
Jointing Materials 

Pipe Locators: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Pipe Vises: 

Reed Mfg. Co. 

Spring Load Mfg. Corp. 

Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 

Potassium Permanganate: 

Carus Chemical Co. 

Pressure Regulators: 

Allis-Chalmers Mfg. Co. 

Foster Eng. Co. 

Golden-Anderson Valve Specialty Co. 

Mueller Co. 

Ross Valve Mfg. Co. 

Pumps, Boiler Feed: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Layne & Bowler Pump Co. 

Worthington Corp. 

Pumps, Centrifugal: 

Allis-Chalmers Mfg. Co. 

American Well Works 

DeLaval Steam Turbine Co. 

C. H. Wheeler Mfg. Co. 

Worthington Corp. 

Pumps, Chemical Feed: 

Infilco Inc. 

Proportioneers, (Div., 
Industries) 

Wallace & Tiernan Inc. 

Pumps, Deep Well: 

American Well Works 

Layne & Bowler, Inc. 

Layne & Bowler Pump Co. 

Worthington Corp. 

Pumps, Diaphragm: 

Dorr-Oliver Inc. 

W. S. Rockwell Co. 

Wallace & Tiernan Inc. 

Pumps, Hydrant: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Pumps, Hydraulic Booster: 

Ross Valve Mfg. Co. 

Pumps, Sewage: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

C. H. Wheeler Mfg. Co. 

Worthington Corp. 

Pumps, Sump: 

DeLaval Steam Turbine Co. 

Layne & Bowler Pump Co. 

C. H. Wheeler Mfg. Co. 

Worthington Corp. 

Pumps, Turbine: 

DeLaval Steam Turbine Co. 

Layne & Bowler, Inc. 

Layne & Bowler Pump Co. 


Inc. B-I-F 


Vol. 49, No.7 


Recorders, Gas Density, COz:, 
NHg, SOs, etec.: 

Permutit Co. 

Wallace & Tiernan Inc. 

Recording Instruments: 

Builders-Providence, Inc. 
B-I-F Industries) 

Fischer & Porter Co. 

Infilco Inc. 

Minneapolis-Honeywell 
Regulator Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Reservoirs, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Tank & Mfg. Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Sparling Meter Co. 

Sand Expansion Gages; 
Gages 

Sleeves: see Clamps 

Sleeves and Valves, Tapping: 

James B. Clow & Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Sludge Blanket Equipment: 

General Filter Co. 

Graver Water Conditioning Co. 

Permutit Co. 

Sodium Aluminate: 

Monolith Portland Midwest Co. 

Sodium Chloride: 

Frontier Chemical Co. 

International Salt Co., Inc. 

Sodium Fluoride 

American Agricultural Chemical Co. 

Sodium Hexametaphosphate: 

Calgon Co. 

Sodium Hypochlorite: 

John Wiley Jones Co. 

Wallace & Tiernan Inc. 

Sodium Silicate: 

Philadelphia Quartz Co. 

Sodium Silicofluoride 

American Agricultural Chemical Co. 

Softeners: 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Softening Chemicals and Com- 
pounds: 

Calgon Co. 

Cochrane Corp . 

General Filter Co. 

Infilco Inc. 

International Salt Co., Inc. 

Permutit Co. 

Tennessee Corp. 

Standpipes, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Tank & Mfg. Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Steel Plate Construction: 

Alco Products, Inc. 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Tank & Mfg. Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 


(Div., 
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DE LAVAL pumps America’s water... 


The photograph shows a De Laval centrifugal 
pump on line at the Davison and Dequindre 
pumping station of the Highland Park, Michigan 
Water Works. The Highland Park Water Works 
has eight De Laval motor driven units, with a 
total capacity of over 50 million gallons per day 
in service at the above station and at their high 
lift station on Lake St. Clair, which pumps raw 
water 11.6 miles to their purification plant. Ac- 
cording to the user, all eight pumps have given 
excellent performance in year-round service. 
Write for your copy of new De Laval Bulletins 
1004 and 1005 giving data on these pumps. 


Mr. T. L. DuNKirK 
City Engineer 


Mr. V. L. Hinesroox 


Superintendent 
of Water Department 


Mr. W. L. Wetter 


Asst. Superintendent 
Water Department 


Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 
822 Nottingham Way, Trenton 2, New Jersey pusesa 
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Stops, Curb and Corporation: 
Hays Mfg. Co. 

Mueller Co. 

Storage Tanks: see Tanks 
Strainers, Suction: 

James B. Clow & Sons 

M. Greenberg’s Sons 

Johnson, Edward E., Inc. 

R. D. Wood Co. 


Surface Wash Equipment: 

Cochrane Corp. 

Permutit Co. 

Swimming Pool! Sterilization: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Fischer & Porter Co. 

Omega Machine Co. 
Industries) 

Proportioneers, Inc. (Div., 
Industries) 

Wallace & Tiernan Inc. 

Tanks, Steel: 

Alco Products, Inc. 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Tank & Mfg. Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Tapping-Drilling Machines: 

Hays Mfg. Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Tapping Machines, Corp.: 

Hays Mfg. Co. 

Mueller Co. 

Taste and Odor Removal: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Industrial Chemical Sales Div. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. 
Industries) 

Wallace & Tiernan Inc. 

Tenoning Tools: 

Spring Load Mfg. Corp. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 

Wallace & Tiernan Inc. 

Turbines, Steam: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Turbines, Water: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Trinity Valley in & Steel Co. 

R. D. Wood Co. 


(Div., B-I-F 
B-I-F 


(Div., B-I-F 


Valve- Inserting Machines: 
Mueller Co. 

A. P. Smith Mfg. Co. 

Valves, Altitude: 
Golden-Anderson Valve Specialty Co. 
W. S. Rockwell Co. 

Ross Valve Mfg. Co., Inc. 

S. Morgan Smith Co. 


ADVERTISERS’ PRODUCTS 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

DeZurik Corp. 

M. Greenberg’s Sons 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

Ss. Morgan Co. 

R. D. d Co. 

Check: 

Hersey Mfg. Co. 

Valves, Electrically Operated: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Golden-Anderson Valve Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 

Valves, Float: 

James B. Clow & Sons 

Golden-Anderson Valve Specialty Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co., Inc. 

Valves, Gate: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 

Ludiow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves, Hydraulically Oper- 
ated: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Golden-Anderson Valve Co. 

Kennedy Valve Mfg. Co. 

F. B. Leopold Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 

R. D. Wood Co. 

Valves, Large Diameter: 


Chapman Valve Mfg. Co. 
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James B. Clow & Sons 
Crane Co. 
Darling Valve & Mfg. Co. 
Golden-Anderson Valve Specialty Co. 
Kennedy Valve Mfg. Co. 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Muller Co. 
Henry Pratt Co. 
Rensselaer Valve Co. 
W. S. Rockwell Co. 
A. P. Smith Mfg. Co. 
S. Morgan Smith Co. 
R. D. Wood Co. 
Valves, Regulating: 
DeZurik Corp. 
Foster Eng. Co. 
Golden-Anderson Valve Specialty Co. 
Minneapolis-Honeywell 
Regulator Co. 
Mueller Co. 
Henry Pratt Co. 
W. S. Rockwell Co. 
Ross Valve Mfg. Co. 
S. Morgan Smith Co. 
Valves, Swing Check: 
Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Crane Co. 
Darling Valve & Mfg. Co. 
Golden-Anderson Valve Specialty Co. 
M. Greenberg’s Sons 
M & H Valve & Fittings Co. 
Mueller Co. 
Valve Co. 
. S. Rockwell Co. 
4 P. Smith Mfg. Co. 
R. D. Wood Co. 
Venturi Tubes: 
Builders-Providence, Inc. 
B-I-F Industries) 
Infilco Inc. 
Simplex Valve & Meter Co. 
Waterproofing: 
Barrett Div. 
Inertol Co., Inc. 
Koppers Co., Inc. 
Water Softening 
Softeners 
Water Supply Contractors: 
Layne & Bowler, Inc. 
Water Testing Apparatus: 
Wallace & Tiernan Inc. 
Water Treatment Plants: 
American Well Works 
Chain Belt Co. 
Chicago Bridge & Iron Co. 
Cochrane Corp. 
Dorr-Oliver Inc. 
Etablissements Degremont 
Fischer & Porter Co. 
General Filter Co. 
Graver Water Conditioning Co. 
Hammond Iron Works 
Hungerford & Terry, Inc. 
Infilco Inc. 
Permutit Co. 
Pittsburgh-Des Moines Steel Co. 
Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 
Wallace & Tiernan Inc. 
Well Drilling Contractors: 
Layne & Bowler, Inc. 
Wrenches, Ratchet: 
Dresser Mfg. Div. 
Zeolite: see ion 
Materials 


(Div., 


Plants; see 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1955 AWWA Directory. 
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NEW GATES 


Now it is easier than ever for 
you to choose a water-control 
gate to meet your needs, 

Armco has acquired facilities 
for producing Pekrul Gates from 
the Morse Bros. Machinery Co. 
of Denver. This well-known line, 
added to Armco’s already wide 
variety of gates, will make it 
easy for you to select the model 
that will do the job best. 

In addition, for economical, 
trouble-free water lines, you can 
meet your requirements from 
the wide size range of Armco 
Welded Steel Water Pipe. 

For information on Armco 
Gates or Welded Steel Water Pipe 
applied to your specific needs, 
see the Armco Sales Engineer 
in your area or write: Armco 
Drainage & Metal Products, 
Inc., Welded Pipe Sales Division, 
3327 Curtis Street, Middletown, 
Ohio. Subsidiary of The Armco 
Steel Corporation, In Canada: 
Write: Guelph, Ontario. 
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Meet Water 
Works Requirements 


One of many new Armco Gates, designed 
for efficient, economical water control. 
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Hermetically Sealed Register 
Never Fogs—Always Easy To Read 


All the register parts and reduction gearing are 
hermetically sealed in this stainless steel housing 
having a thick, heat treated glass window. Condensa- 
tion, dust and jon ore p tly excluded. 
A powerful magnetic drive eliminates the need for a 
stuffing box. 


JOURNAL AWWA 


Everything about the Rockwell Sealed Register 
Water Meter makes history. Makes sense, too. 
It’s the first water meter to operate successfully 
without a troublesome stuffing box. A simple, 
powerful magnetic coupling does this work— 
without friction, binds or leaks. The hermetically 
sealed register forever eliminates condensation 
problems that often make ordinary meter reg- 
isters hard to read. Ends corrosion problems, too. 
Even Rockwell has never made a more accu- 
rate meter. It requires less maintenance than any 
meter you have ever used. And it’s tamperproof. 
The cost? No more than an ordinary meter— 
actually less than meters now fitted with special 
types of registers. Write for bulletin. Rockwell 
Manufacturing Company, Pittsburgh 8, Pa. 
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Rockwell Sealed Register Water Meter 
With Powerful Magnetic Drive 
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- 
The World ’s First Sealed Register Water Mete 
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The solution to this problem is always the same. . . but 
Water Treatment Problems are different 


No two water treatment problems are exactly alike. The right solution to each 
can only be arrived at after a careful study of the local conditions. Variables such 
as raw water composition, rate of flow and results required automatically rule out 
the cure-all approach. The installation shown below is a good example of how 


equipment should be selected to fit the job 


and not vice versa 


Locking across the Yellow Breeches Creek to the new 2 MGD 
New Cumberiand, Penn., Water Treotment Plant. 


New Cumberland, Pennsylvania... 
Repeat Order for Dorrco PeriFilter System Will Double Capacity to 4 MGD 


In 1954 the Riverton Consolidated Water Company 
started up this compact 2 MGD water treatment 
plant for coagulation for turbidity removal. They 
selected a Dorrco PeriFilter System, consisting of a 
57'6" x 15'6" s.w.d. Dorrco Hydro-Treator sur- 
rounded by an annular sand filter, as the most 
economical solution for local conditions. 

The “ unitized”’ design of the Dorrco PeriFilter is a 
natural for existing plant expansion, and when the 
water requirements for New Cumberland increased, 
the solution was simple. They ordered another Dorrco 


PeriFilter System, a duplicate of the existing unit, 
which will double the capacity of the treatment plant 
to4 MGD 

The new unique design of the Dorrco PeriFilter 
System cuts construction costs because both pre- 
treatment unit and filter are installed in the same 
tank. Valves and piping are greatly simplified. Re- 
duced head losses and simple operation add up to 
lower operating costs 

If you'd like more information on the Dorrco 
PeriFilter System write for Bulletin No. 9042, 
Dorr-Oliver Inéorporated, Stamford, Connecticut. 


Every day over 8% billion gallons of water are treated by Dorr-Oliver equipment 
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Hydro-Treator, PeriFilter T.M. Reg. U. S. Pat. OF 
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Jointed for ... 
Permanence 


with LEADITE 


—_~~ 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 
The pioneer self-caulking material for c. i. pipe. 


Tested and used for over 40 years. 
Saves at least 75% 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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